














WIDE RANGE OF SIZES THROUGH 10°! 
ALLOY or RUBBER COVERED PARTS! 
HIGH HEAD APPLICATIONS! 


SAND PUMPS 


aitey Sand Pump, 
"Companions in Economical Operation” 
Wifey Acid pot? 


There is a Wilfley Sand Pump to meet your specific. requirements in the 
transfer of solids. Wilfley’s wide range of sizes, capacities; and inter- 
changeable parts give you versatility in the handling of sands, slimes, 
sludges, slurries - abrasives of all types. 

Whether you need belt driven, overhead V-belt driven, 
or direct driven sand pumps, Wilfley has them. Wilfley Sand Pumps 
guarantee lower pumping costs, higher output and maintenance-free 


service. Write, wire or phone for complete details. 


Every installation is job engineered for maximum pumping economy. 








COMING EVENTS 


7 21, AIME Adirondack Section, plant tour, 

hicago Pneumatic Tool Co., Utica, N. Y. 

June 1-3, Appalachian Underground Corrosion 
Short Course, Ss Virginia University, Mor- 
gantown, W. 


June 5-10, Pech y meeting, Statler 
Hilton Hotel, Dallas. 

June 8-11, National Soc. of Professional Engi- 
neers, annual meeting, Hotel Statler Hilton, 
Boston 

June 9, National Coal Assn., 43rd annual meet- 
ing, Mayflower Hotel, Washington, D. C 

June 9-12, Soc. of Women Engineers, 10th an- 
nual convention, Benjamin Franklin Hotel, 
Seattle. 

June 10-11, AIME Central Appalachian Section, 
spring meeting, Martha Washington inn, 
Abingdon, Va 

June 10-11, Wyoming Mining Assn., Jackson 
Loke Lodge, Wyo. 

June 18-19, AIME Colorado Plateau Section, 
— meeting, dinner-donce, Ouray, 

olo. 


June 22-July 1, University of Michigan, practic- 
ing engineers’ course, ‘Topics in Multiphase 
Fiow,” College of Engineering, University of 
Michigan, Ann Arbor, Mich. 

June 25, AIME Adirondack Section, pit and mill 
tours at Barton Mines Corp.; dinner, Ameri- 
can Tavern, North Creek, N. Y. 

July 11-18, 2nd World Conference on Earth- 
mone Engineering, organized by Science 

ouncil of Japon in cooperation with Japon 

Soc. of Civil Engineers, Architectural Inst. of 
Japan, Seismological Soc. of Japan; Tokyo 
and Kyoto, Japan 

July 11-20, University of Michigan course, ““Ap- 
plied Mathematics for Chemical and Met- 
allurgical are. College of Engineering, 
University Michigan, Ann Arbor, Mich 


Aug. 6-7, AIME Colorado Plateau Section, an- 
nual jeep trip 

ar 15-25, International Geological Congress, 
openhagen, Denmark; for information, 
write Mineralogical-Geological Museum, Uni- 
yee | of Copenhagen, Oster Voldgade 7, 
Copenhagen K, Denmark. 

Sept. 8-9, SME Coal Div. and AIME St. Louis 
Section, joint meeting, Chase Park Plaza 
Hotel, St. Louis 

Sept. 12-18, International Mining Congress, 
sponsored by the Hungarian Mining & Met- 
allurgical Soc., Budapest, Hungary. 

Sept. 12-16 Pan American Congress on Engi- 
neering Education, Buenos Aires, Argentina. 

Sept. 15-16, 8th annual Engineering oon 
ment Conference, sponsored by AIME, iEE, 
AIChE, American Inst. of industrial Ener. 
neers, ASCE, ASME, IRE, Morrison Hotel, 
Chicago 

Sept. 19-23, 7th Convention of Pan American 
Assn. of Engineering Socs., Buenos Aires, 
Argentina. 

Sept. 27-Oct. 1, symposium on “Physics of Elec- 
trostatic Forces and Their Applications,” 
Laboratoire d’Electrostatique et de Physique 
du Metal, institut Fourier, Place du Doyen- 

sse, Grenoble, France 

Oct. 5-7, AIME Rocky Mountain Minerals Con- 
ference, Utah Section host, Newhouse Hotel, 
Salt Lake City. 

Oct. 6-8, 9th National Clay Conference, Purdue 
University, Lafayette, ind. 

Oct. 10-13, American Mining Congress, Mining 
Show (metal mining-industrial minerals con- 
vention, exposition), Convention Center, Las 
Vegas, Nev. 

Oct. 17-19, Drilli and Mining Symposium, 
sponsored by olorado School of Mines, 
tp yr a State University, and Univer- 
sity of Minnesota, Colorado School of Mines, 
Golden, Colo 

Oct. 24-25, AIME-ASME Joint Solid Fuels Con- 
cereeee, Daniel Boone Hotel, Charleston, 

a. 

Nov. 4, AIME Pittsburgh Section, Off-the-Rec- 
ord meeting, Penn-Sheraton Hotel, Pitts- 
burgh. 

Nov. 7-10, Soc. of Exploration Geo yotateta, 
annual international meeting, Some 
Texas. 

Nov. 18, American jing Cone, coal divi- 
sion conference, Penn- ‘aton Hotel, Pitts- 


gh. 

Dec. 3, AIME Colorado Plateau Section, tech- 
nical meeting, election of officers, WAAIME 
dinner-dance, Grand Junction, Colo 

Feb. 26-Mar. 2, 1961, AIME Annual Meeting, 
Chase Park Plaza Hotel, St. Louis. 

Apr. 12-14, International Symposium on Ag- 
lomeration, sponsored by SME, SPE, and 
MS of AIME, Hotel Sheraton, Philadelphia. 

Sept. 17-20, Commemoration of the 50th An- 
ee, of Froth Flotation in the U.S.A 
sponsored by AIME: Society of Mining Engi- 
neers’ Mineral Beneficiation Division, Cos- 
mopolitan Hotel, Denver. 
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COVER “How can the mineral industry attract potential engineers?” “How should 
our colleges gear their curricula for the modern mineral industry engineer?” Such 
questions, discussed by the Committee on Education during the 1960 AIME 
Annual —— are symbolized by artist Herb McClure’s student. Highlights of 
the discussion begin on page 459. 
MINING EDUCATION SYMPOSIUM 
459 The Future Mining Engineer—Whe Will He Be? Where Will He 
Come From? ¢ A Panel Discussion 

Introduction ¢ S. Boshkow 

Education for the Future Mining Engineer © C. M. Brinckerhoff 

The Future of the Mining Engineer © S. D. Michaelson 

Mining Engineering—The Industry and the Universities ¢ H.R. Rice 

Encouraging Young Men into Mining Engineering ¢ J.D. Reilly 


TECHNICAL ARTICLES 


468 Dredging Within the Law 
© R. P. Porter, R. B. Porter, and R. A. Lothrop 


470 Discussion 
472  A-C Power Distribution for Underground Mining ¢ W. B. Jamison 
482 Availability of Cesium for lon Rockets ¢ R. Greenwood 
484 Load Reduction in Systematic Supports ¢ L. Adler 
488 Tumbling Mill Power at Cataracting Speeds 
© P. K. Guerrero and N. Arbiter 


491 Effect of Temperature on Soap Flotation of Iron Ore 
e S.R. B. Cooke, I. Iwasaki, and H. S. Choi 


DEPARTMENTS 

422 Personnel Service 499 SME Bulletin Board 

424 Mineral Information Section 508 Personals 

433 Manufacturers News 515 Obituaries 

435 ‘Free Literature 518 _— Professional Services 

439 Reporter 522 Advertisers Index 

456 Drift: Prestige Plus Glamour for Mining Engineering ¢ R. A. Beals 
FEATURED ITEMS 

424 Mineral Information Section: 


Books, Abstracts, Manufacturers News, Free Literature, Films 


499 SME Bulletin Board—1961 Annual Meeting Notice 





Index to material in MINING ENGINEERING during 1959 will be 
bound into the June 1960 issue. 
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roughout the Americas... 


More mines are STANDARDIZING on 


PeH ELECTRIC 


SHOVELS 


.-more evidence that 
one PsH always sells another 


Look at the evidence: Count the PaH 
Electric Shovels now in use in each of the 
mines shown here. It’s the same story you’ll 
find in mine after mine: once a P&H elec- 
tric shovel is on the job, performance records 
show production increases and lower unit 
costs that simply make it good business to 
standardize on P&H. Because more mines 
are following this trend, Harnischfeger 
now is the world’s largest builder of full 
electric and diesel-electric shovels. 


P&H Electric Shovels incorporate many 
dramatic new design fundamentals which 
make them different from all others. 

Foremost is MAGNETORQUE® drive— 
the exclusive patented hoist drive that puts 
more material into the dipper, faster—with 
every pass! It is the most productive dig- 
ging motion drive known for electric shovels, 
producing higher bail pull, greater dipper 
fill factor and automatic impact protection 
for the hoist machinery. 


MAGNETORQUE DRIVE 


Electro-magnetically 
transmits full digging 
power of A.C. motor 
direct to dipper— 
without motor gen- 
erator set conversion 
to D.C. current. 


FIVE EXCLUSIVE PaH FEATURES 


OO Pk bh 


STEEL n cONsToacTiON 
Unit-welded rolled 
steel design pays div- 
idends in exception- 


ally lo 
in hard 


é shovel life 
igging. 


saad open pro 
ree am oist, 
swing and pro ei 
drives are in 
oil-tight gear cases. 


INDEPENDENT CRAWLER 
PROPEL MOTION 
PaeH gives you inde- 
pendent motors for 
each function—the 
basic principle of 
electric shovel design 

and purpose. 


oy — a STEEL 
Only Harnischfe “ 
uses it as 
fabricating a eumn 
ane dipper handle 


Another major reason why “One PaH 
Always Sells Another” is single-source re- 
sponsibility for service. Harnischfeger is the 
only shovel manufacturer which makes its 
own electrical as well as mechanical com- 


ponents—all designed and matched by a 
single manufacturer specifically for balanced 
electric shovel production cycles. For more in- 
formation write Harnischfeger Corporation, 
Milwaukee 46, Wisconsin. 


HARNISCHFEGER 


Milwaukee 46, Wisconsin 
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T items are listings of the Engineering 
- Societies Personnel Service inc. This Serv- 
ice, which cooperates with the national soci- 
eties of Chemical; Civil; Electrical; Mechanical; 
Mining, Metallurgical, Petroleum Engineers, is 
available to all engineers, members and non- 
members, and is operated on a nonprofit basis. 
If you are interested in any of these listings, 
and are not registered, you may apply by letter 
or resume and mail to the office nearest your 
place of residence, with the understanding that 
should you secure a position as a result of 
these listings you will pay the regular em- 
ployment fee of 5 pct of the first year’s salary 
of a nonmember, or 4 pct if a member. Also, 
that you will agree to sign our placement fee 
agreement which will be mailed to you im 
mediately, by our office, after receiving your 
application. In sending applications be sure 
to list the key and job number. When makina 
application for a position, include 8¢ in stamps 
for forwarding application to the employer and 
for returning when possible. A weekly bulletin 
of engineering positions open is availabie at 
a subscription rate of $3.50 per quarter or $12 
per annum for members, $4.50 per quarter or 
$14 per annum for nonmembers, payable in ad- 
vance, Local offices of the Personnel Service 
are at 8 W. 40th St.. Mew York 18; 57 Post St. 
San Francisco; 29 E. Madison St., Chicago 1. 





In addition to the listings below, ESPS maintains 
@ more complete file of general engineering 
positions and men available. Contract nearest 
ESPS office, listed above. 


“QP MEN AVAILABLE 


Geologist, geological engineering, age 30. 
Eight years experience in charge of ex- 
ploration, examination, geophysical and 
geochemical crews in cobalt and copper 
mining. $7200. Any location. Home, Idaho. 
Se-1150. 


Mine Superintendent, mining engineer, age 
37. Twelve years engineering and super- 
vision experience in open pit mining and 
quarrying in all phases of planning, devel- 
opment, operation, including exploratory 
drilling, design, layout of pits and crush- 
ing plants. Have demonstrated ability in 
organizing, fairness in personnel relations, 
and realistic approach to problems. $9,600 
to $12,000. Prefer California or Arizona. 
Home, California. Se-698. 


Mine Engineer or Professor, mining engi- 
neer, age 53. Professional license, Utah. 
Seven years experience underground pro- 
duction and supervision, mapping, survey, 
installation of machinery on metal mining; 
also set up sales on screened perlite. One 
year coal mining. Eight years professional 
mining. $12,000. Any location. Home, Utah. 
Se-793. 


Exploration, Dredging, mining engineer, 
age 50. All operations from prospecting to 
production; open pit or type of mineral. Also 
hold electrical engineering certificate. De- 
sign or build dams, any type; pipelines or 
eanals. Speak several languages. Will in- 
terview anywhere on one week notice. Sal- 
ary, open. Any location. Home, California. 
Se-1701 





METALLURGICAL 
ENGINEER 


For copper operation in South 
Africa. Must have 12-15 years ex- 
perience including 5-10 years super- 
visory capacity in base metal 
operations, preferably copper. Posi- 
tion involves close contact with 
management. 3-year contract. Sal- 
ary open. Write to: 
BOX 60ME4 
Mining Engineering 
29 West 39th Street 
New York 18, NY 
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Production or Market Research, geological 
engineer, age 33. Broad general training 
and experience in many phases of mineral 
industries. Desire position of responsibility 
with diversified industrial mineral pro- 
ducer interested in increasing sales and 
product utilization. $10,000. Prefer West, 
South, or foreign. Home, Nevada. Se-855. 


Mine Superintendent, age 56. Thirty-six 
years experience with gold, copper, lead, 
silver, borax, as superintendent, supervisor, 
including contracts. Salary, open. Prefer 
Southwest. Home, California. Se-757. 


Geologist, geology, age 33. Eight years 
experience in all phases of mining explora- 
tion and engineering. Desire position in min- 
ing or engineering geology. $7200. Prefer 
West. Home, California. Se-587. 


Geologist, Ph.D., age 35. Experienced in 
oil and mining exploration. Two years re- 
search manager, Brazil jungle areas, speak 
Portuguese. Strong education basic sciences 
and sedimentary geology. Research and 
teaching experience. $10,000. Any location 
Home, California. Se-707. 


Mining Engineer, mining engineering, age 
32. Seven years experience mining, explora- 
tion, field surveys on tungsten, lead, gold, 
silver mines. Salary, open. Any location 
Home, California. Se-567. 


Mine Engineer or Geologist, mining engi- 
neer, age 43. Twelve years experience mine 
design, procurement, installation, develop- 
ment and production on uranium, gold; also 
examination of prospects and mining prop- 
erties. $8400. Prefer California or Mexico. 
Home, New Mexico. Se-562. 


Junier Mine or Geologist, geological engi- 
neering, age 23. Two years draftsman and 
tests on soils for consultant. Five years 
surveyor in Navy. Also some experience in 
field work for oil exploration. $4800. Prefer 
U.S. Home, San Francisco Bay Area. Se-378. 


Engineer-Geologist, B.S. in geological en- 
gineering. Six years geology, mapping, log- 
ing core, surveying, drafting, design, re- 
search, report writing (bits and steel). M-532. 


Manager or Superintendent, M.S. in mining 
engineering, age 43. Nineteen years experi- 
ence underground metal mining, open pit, 
and quarrying. Mineral investigation, evalu- 
ation, and general consulting. Explosives re- 
search and application. Broad background 
managerial, direct supervision, engineering, 
and safety, with special interest in cost con- 
trol. Location, immaterial. M-533. 


Mill Superintendent, graduated in mining 
engineering and metallurgy, age 49. Over 
20 yrs supervisory experience in gravity con- 
centration, sulphide flotation, mill design, 
and building in Latin America. Fluent Span- 
ish. Available immediately. M-534. 


Market Research or Sales in Fuels Indus- 
try, preferably coal or natural gas. B.S. in 
mineral economics, Pennsylvania State Uni- 
versity. No experience. Presently in U-S. 
Army, available September 1960. Prefer 
eastern U.S. M-535. 


Assistant Mine Superintendent-Mine Fore- 
man, graduate mining engineer, age 29. Seven 
years mining experience, six years in South 
America. Worked as miner, shiftboss, mine 
foreman, assistant mine superintendent on 
gold, tungsten, and tin mines. Also have 
shaft sinking, grade control, and time study 
experience. British citizen, presently in South 
America, Prefer: South America. M-536. 


“GM POSITIONS OPEN 


General Manager, graduate mining engi- 
neer, with good geological experience for 
gold and silver mine. Salary, open. Location, 
South America. F8725. 


Engineers. a) Shaft Sinking Foreman with 
experience in concrete lining and grouting, 
to take charge of sinking two shafts. 
Single status, one year contract. Salary, 
open. Must be available by June 1. b) Dia- 
mond Drilling Foreman who has had re- 
sponsible charge of large drilling project, 
preferably with foreign experience. Single 
status; one year contract. Must be avail- 
able June 1. Location, Far East. F8708. 


Plant Manager, for company that produces 
nonmetallic mineral diatomaceous earth, 
graduate mechanical or electrical; good 
technical laboratory background. Will handle 
production, supervise tests, etc. Salary, open. 
Location, state of Washington. W8690. 


Quarry Superintendent, to take complete 
charge of 35-tpd stone quarry. Salary, 
$9,000 to $12,000 year. Location, Province 
of Quebec. F8678. 


Engineers. a) Mill Superintendent, graduate 
mining or metallurgical engineer, for gravity 
and flotation mill, 1000-tpd capacity, for 
tungsten ore. Salary, $10,800 to $12,000 year. 
Location, South. b) Assayer or Chemist, grad- 
uate, for above mill. Salary, $5400 to $6000 
year. Location, South. W8676. 


Mining Engineers, for 500-tpd mining 
operation. a) Mine Superintendent/Manager, 
with considerable experience in narrow 
vein-type underground methods and devel- 
opment with particular emphasis to shrink 
stoping methods. A thorough understanding 
of the economics of the Pb-Zn marketing 
side essential. Salary, open. Opportunity fer 
advancement to general manager. b) Mine 
Engineer, to head up various phases of 
the work applicable to the engineering of- 
fice operations. Must be well versed in all 
phases of engineering department operations. 
Salary, open. Opportunity for advancement 
to chief mine engineer. Location, West. 
W8605. 


Engineers, young, military service com- 
pleted. a) Mining Engineer to serve as as- 
sistant mining superintendent, b) Mechanical 
Engineer, to serve as maintenance super- 
visor. c) Chemist or Chemical Engineer, to 
serve as process engineer. Company manu- 
factures refractories, lime, stone, and ma- 
sonry cements. Location, East. W8580. 


Mining Engineer, graduate, young, to 
assist superintendent covering drilling and 
mill construction at open pit property. 
Salary, to $7200 year. Location, Midwest. 
Wws8385. 


Mining or Metallurgical Engineer, graduate 
preferred, with minimum of one year’s ex- 
perience for 500-tpd nonmetallic open pit 
operation. Involves project engineering in 
flotation and gravity, construction. Must 
have ore dressing background. Salary, $6000 
to $8000 year. Company will pay placement 
fee. Good opportunity. Location, Northeast. 
Ww8290. 


Junior Metallurgist, ore dressing back- 
ground for a mining operation. Location, 
East. W7967. 


Mines Engineering, B.S. in engineering, 
age 23 to 35, to assist in mine exploration, 
shaft water studies, solution mining and 
miscellaneous engineering problems. Must 
have had two years experience in general 
engineering and some geology or drilling; 
knowledge of mining helpful. Some traveling. 
Salary, $6000 year. Company will pay fee. 
C7952. 


Mining Personnel, graduates, under 50. 
Need Junior Mining Engineer, Assistant Min- 
ing Engineer, Mining Engineer, General Fore- 
man, and Mechanical Engineer. Minimum 
three to five years experience and more, 
with ore handling background. For an open 
pit and strip iron ore operation. Should be 
familiar with several million ton bulk mate- 
rial handling involving mining equipment, 
trucks, conveyors, and ship loading equip- 
ment. Housing available. 2500-ft altitude. For 
a two year contract. $6000 to $9600 plus 
extensive other compensations. South Amer- 
ica. $j-5055. 


Mining Engineer, graduate, preferably with 
Latin American experience and ability to 
speak Spanish and with placer experience. 
For exploration office. Duties would include 
office and field engineering. $5400 or more, 
depending on experience. Single status. Ex- 
penses paid. South America. Sj-5042. 


Mine Superintendent, graduate 35 to 45. 
Must be married. At least ten years experi- 
ence in supervisory capacity at large under- 
ground mine and should have detailed know- 
ledge of top slice or similar method of 
underground mining. Some experience in 
open cut mining desirable. For 3000-tpd cop- 
per and pyrites underground mine, concen- 
trator, and necessary shipping facilities. -$12,- 
000 to $15,000. Mediterranean. Sj-5011. 


Assistant Quarry Superintendent, mining 
engineering, geology, young. Experienced in 
exploration and development work. After 
becoming thoroughly experienced in present 
methods, machinery, and equipment, take 
direct responsibility over all exploration 
work, all new development work on quarries, 
and all expansion of present operating quar- 
ries. For stone producers, procucing rough 
granite block for mill fabrication. South. 
Sj-4990. 
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AGRICULTURE, MINING 


*DIVISION OF CALUMET & HECLA, INC. 





Ve 0 EE 


rea ¥-- “Abbey, : tas 
yi aay, F | 
COMA - pace na e : 
J) 
Sa \ ~ 
a a +" ~~ 
ve 2 e 
A - . ; 
I 





Order directly from the publisher 
all books listed below except 
those marked @ e @ The books 
so marked (@ @ @) can be pur- 
chased through AIME, usually 
at a discount. Address Irene 
K. Sharp, AIME Book Dept., 
29 W. 39 St., New York 18, N. Y. 
Engineering Economics for Profes- 
sional Engineers’ Examinations, by 
Max Kurtz, McGraw-Hill Book Co. 


Inc., 261 pp., $6.50, 1959.—The vari- 
ous aspects of engineering econom- 





H|B 


GEOLOGY OF THE 
INDUSTR:iAL ROCKS 
AND MINERALS 


Robert L. Bates 


The first geologic-genetic treat- 
ment of the nonmetallics, de- 
scribing thirteen rocks and 
twenty minerals, mainly in 
United States deposits. Discusses 
preparation, use, 
New 


extraction, 
and mineral economics. 
genetic classification featured. 


424 pages, $10.00 


Harper & Brothers 


49 East 33d St. 
New York 16 
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ics are reviewed in this text which 
discusses the media of investment, 
the time value of money, sinking 
funds and annuities, valuation of 
bonds, depreciation and depletion, 
annuai costs, analysis of variable 
costs, and the legal and business 
phases of the construction industry. 
Included are exercises and problems 
which illustrate typical questions 
asked in professional engineer’s ex- 
aminations throughout the country. 
eee 


Subsurface Mapping, by Margaret 
S. Bishop, John Wiley & Sons Inc., 
198 pp., $5.75, 1960—Dr. Bishop, as- 
sociate professor of geology at the 
University of Houston, tells how to 
prepare and interpret a wide assort- 
ment of maps—contour, topo- 
graphic, stratigraphic, structure, 
isopach, facies, paleogeographic, 
geophysical, and geochemical—all 
found useful in unraveling the 
mysteries of subsurface data. Ex- 
ploration programs are often begun 
on the basis of such maps and a 
correct interpretation of the major 
tectonic environment is extremely 
critical if an expensive mistake is 
to be avoided. This is the first book 
devoted exclusively to this subject 
since the publication of Dake and 
Brown’s book in 1924. e @ e 


Introduction to Mining, by Bohuslav 
Stoces, vol I, text; vol II, illus.; 
Pergamon Press Inc., 122 E. 55th St., 
New York 22, N. Y., 1078 pp., $12, 
1960—This translation from the 
original Czech edition has been 
adapted to the viewpoint of British 
and American mining students and 
engineers. It is a comprehensive 
manual that embodies the experi- 
ence of generations of miners of all 
climates and of all ages. @ @ @ 


The Geology of Texas, Vol. II, 
Structural and Economic Geology, 
University of Texas Bulletin 3401, 
University Microfilms Inc., 313 N. 
First St., Ann Arbor, Mich., $31.50 
—This bulletin which has long been 
out of print and unavailable from 
the Bureau of Economic Geology 
has been reproduced by xerography. 
Both text and maps are included. 
eee 


Relation of Ore Deposition to Dom- 
ing in the North American Cordil- 
lera, Memoir 77, by Edward Wisser, 
Geological Soc. of America, 419 W. 
i17th St., New York 27, N. Y., ap- 


rce Material 


prox. 140 pp., $4, 1960.—A study of 
deformation on local and regional 
scales, and its relation to formation 
of ore deposits; a structural classi- 
fication of ore deposits. © @ @ 


Handbuch Der Mechanisierung Der 
Kohlengewinnung, edited by Heinz 
Kundel, Verlag Gliickauf G. m. b. 
H., Essen, Germany, 135 pp., ap- 
prox. $3.95 (17 DM), 1959.—This 
German handbook dealing with the 
mechanization of coal digging is a 
valuable guide to equipment and 
machinery for this purpose. In ad- 
dition to photographs and sketches 
of the machines, there are descrip- 
tions and pictures of various phases 
of mining processes. Data on the 
economy of mechanization and on 
operational methods is also in- 
cluded. The book contains a bibli- 
ography, mainly to German refer- 
ences, A list of manufacturers is ap- 
pended. @ @ @ 


Introduction to Geophysical Pros- 
pecting by Milton B. Dobrin, second 
edition, McGraw-Hill Book Co., 
446 pp., $9.50, 1960—This non- 
mathematical resume of recent ad- 
vances in geophysical exploration 
techniques includes extensive refer- 
ences to the most useful and ac- 
cessible papers. Seismic and gravity 
prospecting are treated at length, 
and the chapters on magnetic pros- 
pecting include discussion of aero- 
magnetic surveying. Methods of 
prospecting for minerals having 
electrical and radioactive properties 
are also covered, and reflection 
prospecting is featured in the dis- 
cussion of the coordination of 
geology and geophysics. @ @ @ 


Cemented Carbides by Dr. Paul 
Schwarzkopf and Dr. Richard Kief- 
fer, The Macmillan Co., 384 pp., $15, 
1960.—This reference discusses the 
major industrial uses of recently 
developed compounds including de- 
tailed information on ceramic (ox- 
ide) tool materials, and the new 
combinations of oxides and metal 
binders which are vital to. industrial 
progress. Latest techniques of metal 
cutting on both sides of the Iron 
Curtain are discussed and _ the 
European reference system of desig- 
nating cutting angles, planes, etc., is 
correlated with the American sys- 
tem. It also analyzes wear-resistant 
materials and explains the mechan- 


(Continued on page 427) 





Birth Of A Blast 


Many unique tools are used by 
Spencer Chemical Company in 
blasting research. For example, 
these exclusive photos, taken at 
intervals of seven millionths of a 
second by a special camera, record 
the detonation of a 4-lb. mixture 
of Spencer N-IV Ammonium Ni- 
trate and fuel oil. 

Research like this, conducted 
by Spencer’s own staff, and spon- 
sored by Spencer at leading U. S. 
research centers, results in new 
and better ways to use Spencer 
N-IV and fuel oil for blasting. 

Spencer Chemical Company 
would like to share this knowledge 
with you. For information, use 
the coupon below. 


2:13.000056 P.M. This mighty, but 
controllable, energy is partly a re- 
sult of N-IV’s special structure and 
greater nitrogen content. 


2:13.000160 P.M. Near maximum 
energy is now being released by the 
low-cost Spencer N-IV Ammonium 
Nitrate—fuel oil mixture. 


2:13 P.M. The 13”-long charge, con- 
taining 94% Spencer N-IV Am- 
monium Nitrate and 6% fuel oil is 
about to be detonated. 


2:13.000088 P.M. Shown here is the 
great detonation velocity of the 
N-IV—fuel oil mixture. Yet, N-IV 
is safe to store and handle. 


2:13.000184 P.M. Full detonation! 
For information on how you can 
use Spencer N-IV Ammonium Ni- 
trate, fill out, mail coupon at right. 


2:13.000028 P.M. The detonation 
wave has already spread over nearly 
one-third of the Spencer N-IV— 
fuel oil mixture. 


2:13.000128 P.M. The continuous 
and even release of energy shown 
here is a result of extensive Spencer 
research. 


cop 


® 
. Spencer Chemical Company 
| 403 Dwight Building 
| Kansas City 5, Missouri 
1 | want to know more about: 
| ["] Spencer N-IV Ammonium Nitrate 
| as a blasting ingredient. 
| () Spencer Powder Monkey. 
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/-R compressor supplies air for sandblasting 
and paint spraying, unaffected by dusty atmosphere 


The Midwest Metal Processing Company 
needed an air compressor to handle a tough 
job in its Detroit plant. They had to have com- 
pressed air for sandblasting and paint spraying, 
but most types of compressors couldn’t with- 
stand the sandy atmosphere—the dusty, gritty 
air getting into the working parts would soon 
wear them out. 

After investigating the types available, Mid- 
west chose an Ingersoll-Rand ESH compressor. 
To date the unit has given continuous service 
without trouble of any kind. Here’s why: 

In Ingersoll-Rand compressors, all working 
parts are protected by the tightly-sealed frame 





*Only I-R compressors have Channel Valves 
Known for high efficiency, quiet operation and 
exceptional durability. Entirely different. Each 
valve is a combination of rigid stainless-steel 
channels and bowed leaf springs, with trapped-air 
spaces which cushion action, prevent impact. 











construction which keeps out dust and grit — 
normally the major cause of wear. The frame 
may be kept sealed because there are never any 
adjustments to make! All parts are precision- 
manufactured to a perfect, permanent fit. And 
all parts are continuously lubricated by the full- 
filtered pressure oil system. 

The sealed frame, foolproof adjustment-free 
construction, and full pressure lubrication are 
by no means the only outstanding advantages 
of Ingersoll-Rand heavy-duty compressors*. 
For more information, about all types of com- 
pressors from '% to 7500 hp, call your I-R 


RR 
Ingersoll-Rand 


5Al 11 Broadway, New York 4, N. Y. 














COMPRESSORS - GAS & DIESEL ENGINES - PUMPS + AIR & ELECTRIC TOOLS - CONDENSERS - VACUUM EQUIPMENT - ROCK DRILLS 
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ics of wear. It provides a detailed 
examination of the chemical-physi- 
cal reactions that occur during pro- 
duction as well as information on 
the successful production proced- 
ures of a leading cemented carbide 
producer. @ @ @ 


Geological Nomenclature, edited by 
A. A. G. Schieferdecker, Royal Geo- 
logical and Mining Soc. of the 
Netherlands, available from Mar- 
tinus Nijhoff, P.O.B. 269, The Hague, 
The Netherlands, 523 pp., approx. 
$11.97 (45 guilders), 1959.—This 
volume replaces the 1929 nomen- 
clature of geological terms in the 
Dutch language, together with their 
English, French, and German equiv- 
alents published by the Royal Geo- 
logical and Mining Soc. of the 
Netherlands. The advance made in 
knowledge since that time called for 
the addition of a multitude of new 
terms which made their appearance 
in recent literature and the rapid 
outgrowth of geological science 
made it desirable to add a number 
of completely new chapters. Also, 
since the English language is be- 
coming more and more dominant 
in geological literature, this new 
edition is published in English with 
equivalents given in Dutch, French, 
and German. 


Manual on Industrial Water-STP 
148-D and Industrial Waste Water, 
second edition, American Soc. for 
Testing Materials, 1916 Race St., 
Philadelphia 3, Pa. 624 pp., $11, 
(Members $8.80), 1959.—This man- 
ual is intended as a brief reference 
source for three types of users: ex- 
ecutives and plant designers, indi- 
viduals engaged in industrial opera- 
tions involving the use of water; 
and analysts, operators of special 
instruments, engineers, and con- 
sultants. Part I deals with the gen- 
eral uses of industrial water and 
problems of sampling and analysis. 
Part II contains in numeric se- 
quence all methods for the examin- 
ation of water that are currently 
accepted by ASTM. This section is 
preceded by an introduction to lab- 
oratory practices which contains 
helpful advice for analysts whether 
experienced or not. An appendix 
provides certain data commonly 
needed by water analysts. © © @ 


Science and Resources, edited by 
Henry Jarrett, The John Hopkins 
Press, Baltimore 18, Md., 260 pp., $5, 
1959.—This book is based on lec- 
tures given at the 1959 Resources 
for the Future Forum in Washing- 
ton and covers six topics: genetics, 
weather modification, exploring for 
minerals, chemical technology, nu- 


Corrier Amplitro! Grizzly-Feeder for use 
with crushers separates undersized mate 
rial. Tapered bars minimize blinding. Feeder 
contro! allows manual or automatic capac 


ity control at any distance from feeder 


CARRIER GRIZZLY-FEEDER 


with full-range capacity control 


Carrier Amplitrol Grizzly-Feeders 
accurately control material flow 
rates and simultaneously scalp 
“fines” —assuring maximum crush- 
er capacity and efficiency. Uniform, 
full-width feeding prevents uneven 
crusher wear. Simple, automatic 
controls respond instantly to 
crusher load fluctuations—con- 
stantly adjust Amplitrol output to 
produce peak crusher performance 
without flooding or starving. 


Compare These Amplitrol Features 
More capacity under head load with 
Natural Frequency design and 
“long-stroke”’ trough vibrations. 
Dust- and dirt-proof drive—no 
close clearances to keep clean. 
A.C. drive motor operates on 
standard power circuits—no D.C. 
rectifying equipment required. 
Simple mechanical drive—Ampli- 
trol drives never need * ‘tuning.” 
Wear plates can be added in the 
field without difficulty. 


For more information, write for Bulletin No. 591 to Carrier Conveyor 
Division, CHAIN Belt Company, 217 North Jackson St., Louisville 2, Ky. 


pc ARRIER 


ae EQUIPMENT 


—N 


CONVEY e FEED 
DEWATER @ SCREEN 
COOL @ DRY 

SCALP @ COAT 
DISTRIBUTE @ ELEVATE 


CHAIN Belt Ghisvinuiies 


(Continued on page 455) 
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How BRAWN-BACKED 


Payscraper’ features 
give you stepped up...loading 


From power plant to push-block, the 34-cu. yd. 

International 295 Payscraper gives you an exclusive com- 

bination of features that step up dirt-on-fill delivery! Com- 

pare quiet, big-capacity DT-817 Payscraper power. Try the 

advantage of up or down, on-the-go, Payscraper power-shift- 

ing that provides load-speeding automatic direct-drive lock- 

ups in second, third, and fourth gears! Measure extra value 

features like safe, effortless power-steering—that leaves “the * 
steering feel in the steering wheel” Note how exclusive rod in 
torque-cushioning planetary drive axles add dependability eee 

to rough-and-tumble earthmoving! See how 122-inch bowl 

width speeds loading and unloading—adds control ease and 

stability, loaded or empty. Prove on your job that bonus 

performance “rides” the Payscraper bowl. Choose the 2-axle 

“295”; or 3-axle, 34-cu. yd. “495” See your International 

Construction Equipment Distributor for a demonstration. 


Payscraper power-to-payload punch tops all 
other rubber-tired rigs—because the fast-slugging, 
high-torque International DT-817 diesel is the 
Payscraper power plant! The 375-hp, turbocharged 
DT-817 gives you direct, push-button starting; all- 
altitude high-efficiency performance; power for top 
rim-pull to help speed all steps of the cycle; time- 


saving “no-lag” control power! e t fill 
a Salt 
ccc dir on-Tl 
+ capacity! 





Even “dead’’ sand comes alive 
and “boils” fast into the Payscraper 
bowl. Every detail of Payscraper 
design aims at speeding the cycle, 
and staying available! The 21-inch 
diameter steel cross tube provides 
super load-bearing strength and 
resistance to impact. Bowl “back- 
bone/’ draft arms and side reinforc- 
ing members all are massive 
high-strength box-section steel weld- 
ments, ‘‘X’’-member reinforcing 
maintains perfect push-frame qlign- 
ment at all times. And the 4-speed, 
planetary-type, torque-converter 
power-shift transmission automati- 
cally adjusts torque and load to 
speed — to maintain full capacity! 


You steer the 140,000-Ib. 
loaded Payscraper almost as easily 
as a 3,600-lb. automobile! Pay- 
scraper gives the big control 
advantages of (1) exclusive 
International rack-and-pinion plus 
tandem pump steering system; and 
(2) 3-degree forward spindle pitch 
that improves scraper balance and 
prevents “nose downs” in high- 
speed turns. The 16-adjustment, 
bump-smothering seat builds oper- 
ator confidence, too. And reach- 
easy power brakes, “control tower” 
vision, and flush deck safety help 
him deliver full Payscraper capac- 
ity, and take advantage of speeds 
up to 33.5 mph. He commands 
ample power and traction to pull 
directly out of 90-degree turns, 
even on soft fills! 





The fast, positive-acting Pay- 
scraper ejector mechanism is 
powered by the International PTO- 
driven Cable Control Unit. One 
cable drum of this simple planetary 
system actuates the apron and ejec- 
tor; the other drum positions the 
bowl to control spreading action. 
Apron lifts to a big 94-inch open- 
ing. Two ejector-plate pushing 
members apply dozer-like action to 
force out the whole 34-cu. yd. load 
cleanly. Action of six heavy-duty 
springs, stretched during ejection, 
positively powers the ejection mech- 
anism’s return! 








Here's your 76-page cost and 


production estimating book— a 2 
newest, most authentic and complete EnNaONd. 


guide for estimating material-moving 


costs—and for selecting equipment Y 
combinations for top profits, any- NMNTGCHION 


where! Yours for the asking from 


your International Construction Y 
Equipment Distributor! “ppinen. 














ASEA's new multi-rope friction mine hoists for installa- 
tion in one of the largest mines take an unbalanced 
load of 55 tons at a speed of 2760 feet per minute— 
twice the load of any known hoist at this record speed. 

Here are two major advantages of these new mine 
hoists pioneered by ASEA for mine owners everywhere. 


i MULTI-ROPE FRICTION DRIVE; this enables a mod- 





erate sized pulley (length, 7'2”, diameter, 12'2”) 
to take a very high unbalanced load with ease. 


as much as $30,000 a year per hoist at prevailing 
U.S. wage rates, assuming two-shift operation. 


D ss mith a $3000 OPERATION, which can save 


2) 


7 
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NEW MINE 
a HOISTS |. 
~» BREAK WORLD'S 
LOAD RECORD 





Make profitable use of ASEA design and engineering ex- 


perience. Let ASEA save operating costs—in a big way 
just as it saves for 14 U.S. and Canadian mining com- 
panies. Write for literature to: ASEA ELECTRIC INC. 
500 Fifth Avenue, New York 36, New York and 
55 New Montgomery Street, San Francisco 5, California. 


TECHNICAL DATA 
Double Skip Hoisting speed 


Hoisting capacity. 1400 tons 
per hour 


55 tons 
44 tons 
3940 ft 


Hoisting 2760 ft. 


per min 
Number of ropes 
Rope Diameter 
Diameter of Pulley 
Length of Pulley 
Motor output 


Net load 
Skip weight 


Depth of shaft 12,000 h.p 
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Automatic platform lifting device. 


Hastelloy C construction for submerged parts 


Re 


_— 


+p + 


“Thixo” arms in heavy solids zone 


100,000 ft. lb. torque output 


; 
1 At 
L AL 


Special discharge cone, removable lower assembly 


Unique Thickener Features Solve Difficult 


Recovery Problem at Freeport Nickel Co. 


For difficult thickening conditions, it would be hard 
to beat those in the sulphide circuit at Freeport Nickel 
Company's Moa Bay extraction plant in Cuba. Con- 
sider these built-in problems: 

... a feed of precipitated cobalt and nickel sulphides 
in a dilute sulphuric acid solution containing hydro- 
gen sulphide gas. 

...@ process temperature of 190°F. 

... 5.16 specific gravity solids that settle rapidly to 
70%, at which density they are very difficult to pump. 
...a need to clarify and recover the overflow. 


The acid brick lined tanks at Moa Bay 
are above ground level for easy access 
to discharge cones. Wooden covers 
confine hydrogen sulfide gases. 


THE EIMCO CORPORATION 


These unusual conditions obviously required an un- 
usual solution, and close work between the Freeport 
engineers, C. F. Braun & Co. engineers and Eimco- 
Process resulted in two thickeners with unique fea- 
tures specifically designed to recover the valuable sul- 
phides. 

To resist corrosion, and because of the elevated 
temperature, all submerged parts were constructed of 
Hastelloy C. To permit raking the heavy solids at 
close to the 70% concentration limit while clarifying 
the overflow, 100,000 ft. Ib. torque output driveheads 
were used instead of the standard 36,000 ft. Ib. torque 
usually provided for 60 ft. tanks. Platform lifting de- 
vices, controlled by torque transmitters, were designed 
to automatically raise and lower the entire raking mech- 
anisms in the pulp to compensate for varying loads. 

In the inner 30 ft. dia. of the tank bottoms, Eimco- 
Process “Thixo” arms were used so that the lower 
chords of the raking trusses would be above the heav- 
iest pulp. Finally, to ensure efficient underflow with- 
drawal, special discharge cones with removable lower 
assemblies were devised. These connect to rubber hose 
underflow lines and are fitted with high-pressure water 
connections for quick unplugging. 

This unique installation is just another example of 
Process Engineers’ willingness and ability to design 
for special applications. But whether your problem 
requires a standard or special thickener mechanism, 
we would like to work with you. Please contact any 
of our sales offices .. . they're worldwide. 


Process Engineers Division 


420 Peninsular Avenue - San Mateo, California B-597 
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lr there’s any yelling it’s probably about the savings 
of ripping the rock rather than drilling and blasting. 


This is Lee and Fox’s job, U.S. Route 276 in Laurens 
County, South Carolina. They had to remove 70,000 cu. yd. 
—a large portion of it rock. 

And that’s where their D8 and No. 8 Ripper took over. 
The rock was torn up and shattered into pieces small 
enough to be loaded out in scrapers. That means big savings. 


This one job isn’t the whole story by any means. Just 
take a look at cost savings on different jobs, different 
materials, all over the country. (See chart at right.) 


With the new heavy, powerful Caterpillar track-type 
Tractors and modern rippers, costs run about 35% to 
60% of blasting costs — sometimes even as low as 11%! 
And there are more savings than that... a ripper shatters 
the material small enough that it can be loaded out with 
scrapers rather than with a shovel and trucks or wagons. 


For a complete story on the economics of ripping see 


your Caterpillar Dealer. He knows the dollars and cents 


The new D8 SERIES H—a modern track-type tractor giant. NEW 
turbocharged D342 Cat Diesel Engine — 235 HP (flywheel). BIG — 
47,000 Ib. operating weight. New 84” track gauge, new under- 
carriage. New common lube system for transmission, bevel gear 
and steering clutches. Power shift transmission optional. 


COST RELATIONSHIPS OF TYPICAL JOBS 
Drilling and 
Ripping Costs Blasting Costs 
Material (Cents/Cu. Yd.) (Cents/Cu. Yd.) 
Limestone 7.3 17.3 
Limestone 5.2 15.1 
Sandstone 15.0 30.0 
Sandstone 2.1 11.7 
Sandstone 5.7 13.8 
Philadelphia, Pa. Limestone 11.5 19.3 
Carbo, Virginia Sandstone 8.6 15.7 
Hibbing, Minn. Frost 25.0 60.0 
Hibbing, Minn. Paint Rock 6.1 54.5 


Location 

Tulsa, Oklahoma 
Dallas, Texas 

San Francisco, Calif. 
Merriam, Kansas 
Nelsonville, Ohio 


of ripping; he has the quality earthmoving equipment for 
your job. Ask for a demonstration. 


Caterpillar Tractor Co., General Offices, Peoria, Ill., U.S.A. 


CATERPILLAR 


Caterpitiar and Cat are Registered Trademarks of Caterpiliar Tractor Co. 





MANUFACTURERS NEWS 


/ / 
NEWS / EQUIPMENT f CATALOGS 


Swivel-Piler 

Stephens-Adamson Mfg. Co. has 
developed a Swivel-Piler which, 
when handling granular, small lump 
bulk materials, can increase con- 
veyor storage range up to ten times. 
The unit will throw material in any 
direction over an are of 270°, thus 
eliminating frequent shifts of the 





storage conveyor system. It consists 
of a centrifugal thrower unit com- 
plete with hopper and swivel-joint 
and can be mounted beneath the 
discharge end of almost any, portable 
or fixed belt conveyor. The Swivel- 
Piler for conveyor mounting is avail- 
able in 10-in. and 16-in. wide belt 
sizes. Circle No. 1. 


Truck Mounted Core Drill 

The Acker Presidenté, a new high 
capacity core drill from Acker Drill 
Co., is now available for mounting 
directly on a truck. Power for the 
rig can be furnished by separate self- 
contained gasoline or diesel engines, 
or by direct take-off from the truck 
engine. Unit capacity: core drilling 
to 1000 ft; auger drilling to 300 ft; 
holes up to 24 in. diam. Circle No. 2. 


Grade Scraper 
The Martin Co. recently announced 
production of a 3-yd scraper unit 


to mount on Caterpillar motor 
graders. Operated by the regular 
grader controls, the “Graderscraper” 
mounts on the circle lift arms and 


- it ..- 

lh Re PRT ee 
uses full power of the grader tandem 
drive to load without pushing. 
Among other features, it can be 
tilted to one side for scraping ditch 
sides while grader remains level. 
Circle No. 3. 


/ 

Setting Indicator 

Allis-Chalmers Co. has introduced 
an electro-magnetically operated 
system for externally indicating the 
close side setting of their gyratory 
crushers equipped with Hydroset 
adjustment of the main-shaft and 
crusher mantle. For the first time, 
it is reported, the operator may 
positively determine the setting 
without entering the machine or 
using time-consuming methods. The 
indicating system is used with the 
hydraulic adjustment of the main- 
shaft even when crusher is in full 
operation. The unit is calibrated to 
make adjustments for wear. Circle 
No. 4. 


Theodolites 

Keuffel & Esser Co. have designed 
a new line of theodolites adapted to 
modern American and Canadian en- 
gineering practices. Designed to 
varying degrees of accuracy in read- 
ing and interpolation, three models 
are offered with many exclusive 
features among which are automatic 


indexing of the vertical circle, 
simultaneous viewing of both hori- 
zontal and vertical circles, and an 
optical plummet built into the ali- 
dade. An erected image is optional 
at extra cost. All three models are 
equipped with internal lighting en- 
abling them to be used at night. 
Circle No. 5. 


Wire Rope 


Double Gray X, a wire rope made 
from extra improved plow steel, is 
now available from The Colorado 
Fuel & Iron Corp. With an indepen- 
dent wire rope core and reporting 15 
pet greater breaking strength than 
in other wire rope, it also features 
a molysulpkide molecular shield 
around each wire which separates 
and cushions them against effects of 
bending, crushing, and abrasion, 
thus allowing the rope a longer life. 
Circle No. 6. 


Continuous Miners 

The National Mine Service Co. has 
announced a new series of Mari- 
etta continuous miners which per- 
mit dual-range height adjustment 
through a total range of 6 to 7% ft 
without sacrifice of rigidity. Adjust- 
ments within high or low range are 
made in minutes by the operator; 
shifting from one range to another 


can be done in a few hours. The 
machines are crawler-mounted, bor- 
ing-type with capacities of approxi- 
mately eight tons per minute. Circle 
No. 7. 


Centrifugal 

Possibly the smallest automatic 
universal centrifugal offered to in- 
dustry is now available from Baker 
Perkins Inc. The 10-in. model, a 
tool for evaluating pilot-plant scale 
slurries, can be employed in actual 
production requiring extremely low 
rates. The HS 10 W centrifugal in- 
cludes all mechanical operating and 
automatic timing features of larger 
standard machines and permits re- 
sults to be extrapolated directly to 
production size equipment. Circle 
No. 8. 


Coal Belt 

Raybestos-Manhattan Inc. has de- 
veloped a coal conveyor belt whose 
solid edges will not fray or fan out 
even under toughest abrasion. Called 
the Coalmover, it is reported to last 
longer and provide higher co-efficient 
of friction than plastic covered belts. 


fi 


Some of its many features are fire 
resistance, maximum rip and impact 
resistance, and superior holding 
ability with all underground types of 
fasteners. Circle No. 9. 

(Continued on page 434) 
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Stearns amazing new Indox V magnets | “*rsnsctwrs,.nem 
boost heavy media recovery | Sacaaie emer 


An extensible mine conveyor for 

underground coal and hard-rock 
Stearns Indox V wet magnetic 
drum separator, Model Ml. 





mining, developed by Hewitt-Rob- 
bins Inc., can operate for a week or 
more without being moved, thus re- 














For cobbing or roughing 
iron-bearing ore 


This new Stearns WPD heavy media separator is made with 
Inpox V — the amazing new ceramic material which obso- 
letes all other types of permanent magnets. Inpox V gives 
you a lighter-weight, lower-cost magnetic separator with a 
MORE EFFICIENT POLE STRUCTURE AND POWERFUL MAGNETIC 
FIELD. The results: increased efficiency, lower media re- 
covery cost. 


Indox V magnets cut costs 


You get excellent mechanical performance with Inpox V 
permanent magnets. They assure a constant magnetic field 
with no power cost, no coils, no possibility of electrical failure 
within the magnet. Drum separator is an integral unit — 
no belt cost involved. 


Big-capacity unit 


The model MI, type WPD magnetic separator provides 
maximum media recovery at high-volume capacity. An im- 
portant performance feature of the Inpox V WPD unit is 
its ability to discharge a magnetic concentrate of high 
specific gravity which, in coal preparation plants, permits 
plant operation without a densifier. The Stearns WPD in- 
corporates a greater amount of tailing discharge area, and 
PRODUCES A CLEANER MAGNETIC CONCENTRATE than other wet 
drum separators. Stearns design provides for a minimum 
entrapment of non-magnetics in the magnetic concentrate. 


Seven models — 30” dia. x 15” to 30” dia. x 72”. Experi- 
ence indicates a slurry feed of 8 gpm per inch of magnet 
width is a good figure for selection of separator size. See 
your Stearns representative for full details or write for 

Bulletin 20121. 


Milwaukee 46, Wisconsin 





ducing down-time associated with 
conventional conveyors which must 
be moved frequently to keep pace 
with continuous miners. Conveyor 
idlers are mounted on skids, and the 
unit may attain a total length of 
1000 ft. Traveling tripper permits 


| variation in the distance from the 


conveyor loading point to discharge. 
Electro-hydraulic tractors maintain 


| belt tension and tow conveyor when 


necessary. Circle No. 10. 


| Portable Shelters 


Frommelt Industries is now mar- 
keting Porto-Screen Series 60 for 
use as shelters, room dividers, weld- 


| ing shields, etc. Quickly assembled 


from standard size frames, any 
number of these units can be joined 
together to make portable work 
shelters and storage huts. Frames 


| are made of tough steel tubing 
panels, and the entire assembly 


stores compactly when not in use. 
Circle No. 11. 


Pycnometer 

Model 200 Air Comparison Pycno- 
meter from the Houston Instrument 
Corp. determines specific gravity and 


| density by true volume measure- 


ment. Of particular interest to geol- 
ogists, mineralogists, and petrolo- 
gists, this machine is designed for 


laboratory, industrial, and field 
usage. It requires no electrical power 
and permits quick, simple calibration 
in the field if necessary. Circle No. 12. 


News & Notes 

International Harvester Co.’s Trac- 
tor Works in Chicago is observing 
its 50th anniversary of tractor pro- 
duction Foote Mineral Co. is 
studying a 670-acre tract near New 
Johnsonville, Tenn., as a potential 
site for a new electrolytic manganese 
facility Initial construction of 
a new multi-million dollar gypsum 
plant for the National Gypsum Co. 
has commenced at Tampa Bay, Fla. 
The plant will be supplied with 
gypsum ore from Nova Scotia for 
production of wallboard, lath, sheath- 


Profit with Stearns — First with Ceramic Magnet Separators for Industry 


| ing, and plasters. 
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(21) CLASSIFIERS: The Mine & 
Smelter Supply Co. has published 
Catalog No. 601 which describes 
Akins Spiral Classifiers. Principle of 
operation, construction details, and 
capacities are discussed and detailed 
information on applications in open 
and closed circuit operation, iron ore 
concentration, phosphate rock re- 
covery, etc., is provided. 


(22) TACONITE HANDLING: How 
efficient handling produced a com- 
mercially successful method for ex- 
tracting iron ore from taconite is the 
subject of a new bulletin offered by 
the Fuller Co. Fact File ER-33-2 de- 
tails the operations of the largest ta- 
conite pelletizing plant in the Mesabi 
Range of Minnesota. Mining pro- 
cesses, conveying techniques, crush- 
ing, concentrating, and pelletizing 
operations are fully explained. A 
series of 19 photographs and three 
graphic sketches illustrate each 
phase in the 12-page bulletin. 


(23) TRACTOR SHOVEL: Six Mi- 
chigan line tractor shovels are the 
subjects of CMD Bulletin 3000 issued 
by the Construction Machinery Di- 
vision of Clark Equipment Co. Cov- 
ering models 55A, 55B, 75A, 85A, 
125A, and 175A, this four-color 
bulletin is thoroughly illustrated 
with working drawings and photo- 
graphs. A variety of job applications 
are featured illustrating digging, 
carrying, and dumping capabilities 
of the various tractor shovel models 
which are equipped with buckets 
ranging in size from 1 to 2% cu yd 
capacity. 

(24) CENTRIFUGAL AND TUR- 
BINE PUMPS: A 4-page condensed 
bulletin illustrating and describing 
the Aurora centrifugal and Apco 
turbine type pumps has been issued 
by the Aurora Pump Division of 
The New York Air Brake Co. The 
pamphlet includes a brief descrip- 
tion plus features, typical applica- 
tions, capacity, and head range for 
each type of pump. 


mail this 
post card for more 
information 
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(25) DUST COLLECTORS: A field 
report, reprinted from Coal Age, 
June 1959, describing the Joy Micro- 
dyne dust collector in action is now 
available from Joy Mfg. Co. This 
eight-page bulletin, No. 2500 (T.B.- 
1.), describes how the dust collector 
is used effectively by Bethlehem 
Mines Corp. at Nanty Glo, Pa. 


(26) REFRACTORY CLAY PRO- 
CESSING: The Refractories Division 
of Gladding, McBean & Co. has pub- 
lished a four-page brochure entitled 
“The Ione Story” describing its 
unique technique for processing re- 
fractory clay. The story of the new 
process, which eliminates the im- 
purities found in natural refractory 
clays, is told by use of four-color 
photographs and detailed captions. 


(27) LIFTING MAGNETS: Bulletin 
No. 3021 from Stearns Magnetic Pro- 
ducts describes their new line of 
Pow-R-Light lifting magnets de- 
signed specifically for scrap handling. 
They are available in 36-in., 39-in., 
45-in., 55-in., and 66-in. diameters 
and feature lighter aluminum field 
coils and all-welded, water-tight 
construction. 


(28) COMPRESSORS, PUMPS, 
HOISTS: Ingersoll-Rand Co. has 
published a new booklet entitled 
“Products for the Plant.” Standard 
reciprocating, axial-flow and centri- 
fugal air compressors, centrifugal 
pumps, steam condensers, steam-jet 
ejectors, vacuum pumps, air hoists, 
and air and electric tools are cov- 
ered. Representative machines in 
each product line are illustrated and 
outstanding design features noted. 
Size and capacity ranges of many 
units are given as well as recom- 
mended applications. 


vi 


Mining Engineering 


Price Data 


Please send { 


Name. 


29 West 39th St. 
Not good after August 15, 1960 
More Information 


Free Literature 


(29) COAL FLOTATION: Operations 
of the Manvers Central Coal Prepar- 
ation Plant near Sheffield, England is 
described in Engineering Notebook 
Bulletin No. M4-B100 issued by 
Denver Equipment Co. It describes 
the 40-ton per hour flotation of 
coal at 10 pct solids. In addition to a 
detailed flowsheet diagram, various 
metallurgical data are presented. 


(30) AIR COMPRESSORS: Clark 
Bros. Co.’s Bulletin 185 presents their 
line of Balanced/ 


tions 
cover the complete line of 23 models 
(including units for soot blowing). 
Strokes from 6” to 17” and 
sizes from 75 to 2000 bhp. 


(31) CRAWLER REPORT: A re- 
cently published report by the 
Euclid Division of General Motors 
covers a year-long demonstration of 
Model C-6 tractors in the Pacific 
Northwest. Well-illustrated with 
working views, this 24-page booklet 
describes the types of operations 
where this tractor was used by log- 
gers, road contractors, etc. 


(32) MOTORS: A colored brochure 
outlining “the 8 plus values that 
back up U. S. Motors” is being re- 
leased by U. S. Electrical Motors Inc. 
Among these extra values are: six 
major plants and facilities coast-to- 
coast, a day-and-night operation al- 
ways at the customer’s service; 
sales and service offices and author- 
ized distributors located in all prin- 
cipal cities; emergency service 24 
hours a day, on week-ends and holi- 
days, as well as during the normal 
work week; and optimum product 
design by the use of a high-speed 
electronic computer. 


(33) MOTO-LOADER: A 16-page 
booklet describing the Lorain Moto- 
Loader Model ML-157 is available 
from Thew Shovel Co. It describes 
the design and construction features 
of the machine and shows it in action 
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(34) ROLLER CHAINS AND 
SPROCKETS: A new 44-page book, 
No. 2757, listing stock sizes of Link- 
Belt roller chains and sprockets 
available for immediate delivery in 
every major industrial area, has been 
released by Link-Belt Co. The book 
is indexed for easy reference and lists 
more than 2000 types and sizes. 


(35) CRANE: Koehring 330 Sprawler, 
a crane able to lift up to 30 tons, 
is described in a six-page brochure 
issued by the Koehring Co. The bro- 
chure illustrates various features of 
the Sprawler, includes schematic 
diagrams of the power flow in both 
upper and lower machinery, and 
describes how the Sprawler can be 
stripped down to about two-thirds 
of its working weight for transport. 


(36) MAGNETIC PULLEYS: A new 
line of Erium-powered permanent 
magnetic pulleys for automatic sep- 
aration of large or small iron con- 
tamination is introduced in a de- 
scription booklet issued by Eriez Mfg 
Co. Well organized and detailed 
charts assist the reader in determin- 
ing what precise type, strength, and 
dimension of pulley will give opti- 
mum performance under any given 
set of conditions. 


(37) DIESEL ENGINES: The Inter- 
national UDT-817 six-cylinder diesel 
engine, the most powerful unit of 
its type manufactured by Inter- 
national Harvester Co.’s Construction 
Equipment Division, is the subject 
of a three-color 16-page catalog 
CR-607-I. 


(38) TRACTORS: Production and 
mechanical advantages of the new 
Caterpillar D7, D6, and D4 tractors 
are discussed in “The Profit Side of 
Your Ledger” a new eight-page 
booklet by Caterpillar Tractor Co. 
Owner testimonials are cited to il- 
lustrate the cost-saving, profit-mak- 
ing potential of these tractors. Also 
mentioned are their easy operation, 
high production, and dependability. 


(39) ROLL CRUSHERS: Catalog No. 
702A issued by Gruendler Crusher & 
Pulverizer Co. contains descriptions, 
specifications, capacity chart, and 
other necessary information for 
selecting a roller crusher suited to 
specific reduction problems. Com- 
ponent parts of the crushers are 
illustrated and detailed. 


(40) TESTING APPARATUS: The 
Testlab Corp. announces the recent 
publication of Digest No. 2 contain- 
ing 16 pages devoted to new and 
improved testing apparatus relating 
to soils, bituminous, concrete, and 
general testing. 


(41) TRACTORS: The new D4 trac- 
tor, incorporating a new diesel en- 
gine and a lifetime lubricated under- 
carriage, is described in a two-color, 
12-page booklet published by Cat- 
erpillar Tractor Co. It emphasizes 
new elements of design and con- 
struction including the restyled op- 
erator’s compartment, high ground 
clearance, and its ability to perform 
on soft footings. 


(42) CLAMSHELL AND DRAGLINE 
BUCKETS: A 32-page illustrated 
catalog covering all types and sizes 
of Williams clamshell, dragline 
buckets and stone grabs is available 
from Williams Bucket Division of The 
Wellman Engineering Co. Detailed 
information describing the principles 
of bucket operation and selection, 
plus complete easy-to-read specifi- 
cation charts are included. 


(43) CONIDURE AND RIMA 
SCREENS: Applications and specifi- 
cations for the recently announced 
Conidure pierced metal and Rima 
slit screens are described in Bulletin 
C101 from Cross Perforated Metals 
of National Standard Co. Coni- 
dure screens, having highly tapered 
trapezoidal holes, are used in vibra- 
tors, separators, and sieves for coal 
and aggregate. Rima slit screens are 
used in driers, vibrators, shakers, and 
separators in coal. The brochure 
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shows typical screen assemblies and 
shapes, perforation and slit confi- 
gurations, application principles, 
open area equivalents, and chemical 
analyses. The complete range of sizes 
are listed both in inches and milli- 
meters. 


(44) WORM GEAR SPEED REDUC- 
ERS: Book 2824 is a 66-page publi- 
cation that introduces Link-Belt Co.’s 
completely new line of fan-cooled 
worm gear speed reducers in 25 
types and over 135 sizes. The book 
is illustrated with many application 
photos and lists equipment on which 
these reducers are frequently used. 
Selection data includes rating tables 
arranged according to speed versus 
ratio, with the full complement of 
reducer sizes listed on individual 
pages for given RPM. Thermal input 
and mechanical output torques are 
shown for every speed and ratio 
for each reducer size. 








A new 32-min film from The Eimco 
Corp. shows the operations of the 
EimcoBelt continuous belt drum 
filter. The 16-mm sound and color 
film entitled The EimcoBelt Story 
shows EimcoBelt’s new operating 
principle in an animation sequence 
and how it was developed and per- 
fected by Eimco engineers and re- 
searchers. Available to interested 
firms and groups, requests for show- 
ings should be addressed to the 
Eimco branch office nearest you or 
directly to The Eimco Corp.—Audi- 
Visual Dept—P.O. Box 300, Salt 
Lake City 10, Utah. 


Water—our most wanted and most 
wasted resource—is the subject of 
a color motion picture released by 
Caterpillar Tractor Co. This 27-min 
film, entitled Water Bill U.S.A., is 
narrated by Walter Cronkite and 
stresses our growth need for water 
and what we must do to assure a 
plentiful supply for the future. The 
film illustrates the problem and tells 
how citizens in various parts of the 
country have solved their problem 
and what others can do about theirs. 
Copies of the film will be available 
through Caterpillar dealers. 


Mining and Metals in Canada, a 
series of filmstrips produced by the 
National Film Board of Canada for 
the Dept. of Mines and Technical 
Surveys, offer a clear, accurate pic- 
ture of the exploration, processing, 
and distribution of six vital natural 
resources: aluminum, nickel, iron 
ore, petroleum, asbestos, and, avail- 
able soon, uranium. Each filmstrip 
presents the most recent information 
of a developing industry. For fur- 
ther information about these film- 
strips including price list and other 
subjects available, write Stanley 
Bowmar Co. Inc. 12 Cleveland 
Street, Valhalla, N. Y. 
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MORE WORK POWER 
PER HORSEPOWER 


Reduced friction through use of tapered roller bearings in all Allis-Chalmers 
crawler tractors makes the difference in work power and profit for you! 


All Allis-Chalmers crawler tractors roll on tapered roller Ask about the toughest track ever built . . . the industry's 
bearing truck wheels. Most others still use bushings. healthiest engine and certified permanent lubrication. 
Anyone who remembers his roller skating days knows Allis-Chalmers, Construction Machinery Division, 
the performance advantages of bearings over bushings. Milwaukee 1, Wisconsin. 
The difference between first and also-ran was in the wheel 
bearing. This friction-reducing advantage is the reason 
railroads all over the country have turned to roller freight. 
The same principle applies to tractors except much 
more power is being wasted by friction-type plain bush- 
ings. It’s one of the reasons the 99-hp HD-11, on tapered 
roller bearings, produces right alongside larger crawler 
tractors. Can you continue to pay for power that never 
produces—that gets “lost” in old-fashioned bushings? 
Your Allis-Chalmers dealer will be glad to discuss this 
and the many other advantages that keep the HD-11 on 
the go shift after shift with a minimum of maintenance. 


move ahead with ALLIS-CHALMERS 


.-- power for a growing world 





Good for long grind. Ni-Hard liners save labor, cut mainte- 
nance and grinding costs by providing the utmost in tonnage-life. 


Results obtained in this grinding aisle at Inco-Canada show 
the type of economies you can count on for your own mills. 


Ni-Hard shell liners wear only .018 Ib per ton 
grinding more than 3 million tons of nickel ore 


This high tonnage-life demonstrates the outstanding 
performance of Ni-Hard* nickel-chromium white iron 
shell liners in the plant shown above. 

In service since 1951, two sets of Ni-Hard lifter bar 
liners were removed recently from the rod mills here 
at Inco’s Creighton concentrator in Canada. 


Used in large mill 

The Ni-Hard shell liners served in 10’8” x 13’ mills 
grinding highly abrasive nickel ores with 3” and 342” 
rods. Mills ran at 60% of critical speed. At the dis- 
charge, solids in the slurry ran 70%. Total life in the 
#1 mill was 3,430,000 tons of ore; in #4 mill, 3,266,000 
tons. The liners for each mill originally weighed 
60,912 Ibs. 


This example of Ni-Hard shell liner service is a 
severe one... nickel ores are among the toughest. 
But the record of Ni-Hard liners in such service 
points up what this material can do in all grinding 
operations. 


For answers to your further questions about Ni-Hard 
liners, just pick up the phone and call your nearby 
Ni-Hard producer. Or write Inco directly. We'll send 
you a list of authorized producers and a copy of the 
useful booklet, “Engineering Properties and Applica- 
tions of Ni-Hard.” 


*Registered trademark 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street f New York 5, N. Y. 


NI-HARD 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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Inco Opens New Nickel Mill 


International Nickel Co. of Canada Ltd. has opened a new highly automated 
$12-million ore concentration plant near its Levack mine in the Sudbury, Ont., 
area. The new 6000-tpd mill is part of a program of additions and improvements, 
which with Inco’s new Thompson mining project in Manitoba, will increase the 
company’s capacity for nickel output to 385 million lb annually by 1961. The 
installation is Inco’s third in the Sudbury area—the largest nickel region in 
the Free World. Crushing, screening, and conveying are controlled from a cen- 
tral instrument panel; the entire grinding operation is similarly centralized. In 
many instances, process control is automatic. 


New Mining Law Amendment 


In March, Congress approved Public Law 86-390 which specifies that nonmin- 
eral lands may be included in an application for a placer claim where the non- 
mineral land is needed and will be used for mining, milling, processing, bene- 
ficiation, or other operations in connection with the claim by the proprietor. 
Area limit for the additional land is five acres. Payment is at the rate applicable 
to placer claims which do not include a vein or lode. Copies of the new law may 
be obtained from the State offices of the Bureau of Land Management. 


Noranda Plans Deeper Look at Horne Mine 


Most of the ore developed at Noranda’s Horne mine has appeared above the 
3000-ft level even though exploration has been extensive to a depth of 6000 ft. 
Discovery of a pair of high grade copper ore shoots in a low grade zone be- 
tween the 3000 and 6000-ft levels, however, has encouraged the company to plan 
an internal shaft which will probe to 8000-ft depth. The new shaft, starting from 
the 6000 level, will cost about $1.5 million, take five years to complete. 


Diamonds Offered for Mohole Drilling 


An offer of drill diamonds has been made by the African diamond industry to 
the group of scientists who will attempt the deep drilling project to penetrate 
the Mohorovicic discontinuity which bounds the interior of the earth. The dia- 
monds will be used in the experimental phase of the drilling, which will bore 
some 6000 ft below the ocean floor and is expected to require an many as 50,- 
000 carats of industrial diamonds. The offer of aid to the U. S. project is the first 
by a foreign business. Christensen Diamond Products Co., Salt Lake City, has 
offered to produce the needed drill bits for the African stones. 


Oliver Screens, Reprices Some of Its Mesabi Ore 


U. S. Steel Corp.’s iron ore producing subsidiary, Oliver Mining Co., has set 
up an experimental pricing policy which establishes two additional grades of 
iron ore. In addition to its standard run-of-mine, non-Bessemer ore (priced ac- 
cording to iron content but selling for $11.45 a gross ton with a content of 51% 
pct Fe), the company has set up separate prices for coarse and fine ore which it 
is now separating by screening part of its output. The coarse, or lump, ore is 
+ %%-in., sells for $12.85 a ton; the fine ore is — %-in., sells for $10.72 a ton. 


Tariff Commissioners Split on Lead-Zinc 


The six-man Tariff Commission has made its report to Congress on the state of 
the domestic lead and zinc industry. Two of the commissioners called for the 
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scrapping of present import quotas and for increased tariff protection from im- 
ported material, but the majority made no recommendation, declaring that 
suggestions to Congress were not within the province of the commission. The 
two-man minority, Commissioners W. R. Schreiber and G. W. Sutton, recom- 
mended the imposition of a 3¢ a pound duty on refined lead and 24¢ a pound on 
refined zinc, and certain smaller levies on other Pb-Zn products and ores. 


Chrysler Unit Leases Aluminum Smelter 


Aluminum Co. of Canada is reported to have leased its smelter at Beauharnois, 
Que., to a subsidiary of the Canadian unit of Chrysler Corp. Chrysler’s use of 
aluminum per automobile is higher, on the average, than that of any other 
U. S. manufacturer. With capacity of 38,000 tons a year, the smelter is expected 
to fill all the needs of Canadian Chrysler and a substantial portion of Chrysler’s 
requirements in the U. S. 


Predicts U. S. Will Import 45 Pct of Iron Ore by 1980 


Compared with 27.3 pct this year, U. S. iron ore supply from foreign sources 
will rise to 45 pct by 1980, H. S. Harrison, executive vice president of Cleveland- 
Cliffs Iron Co., predicted recently. Mr. Harrison based his forecast on a total iron 
ore supply this year of 150 million tons and said 64 million tons would be stand- 
ard ore from Michigan and Minnesota, 25 million tons from other U.S. areas, 20 
million tons from beneficiated low grade ores, and 41 million tons from foreign 
sources. His 1980 prediction assumed a total U. S. supply of 190 million tons com- 
posed of 30 million tons of standard ores from the Mesabi and nearby areas, 25 
million tons from other U. S. areas, 50 million tons of upgraded ores, and 85 mil- 
lion tons from abroad. U. S. imports in 1959 totaled about 36 million tons. 


Pickands-Mather Announces Production Cuts 


Pickands-Mather Co. said it will be forced to cut production at five iron ore 
mines in the Minnesota area due to decreased demand. Rabbit Lake mine on the 
Cuyuna Range will probably be idled all of this year and the Danube mine on 
the Mesabi will produce at only half capacity. Four-day work weeks, with com- 
plete shutdown every fourth week, have been scheduled for the Newport, 
Geneva, and Peterson mines in Michigan. 


Phillips Signs Stretch-Out Contract 


An amended contract for the purchase of uranium concentrate has been signed 
calling for a deferral in delivery to AEC of some 1 million lb of U.O, from Phil- 
lips Petroleum Co.’s 1725-tpd mill at Ambrosia Lake—near Grants, N. M. The 
tonnage, originally scheduled for shipment before 1962, will be delivered in the 
1962 to 1966 period. 


AEC Calling for Mining Specialists 


The Grand Junction office of AEC is seeking personnel with a knowledge of 
geology and mining engineering and experience in examining and evaluating 
mining properties, estimating ore reserves, and analyzing mine production 
and cost data. Uranium industry experience is desirable, but not required. 
Annual salary: $7510 or $8810. For more information and application forms, 
write: Personnel Branch, Atomic Energy Commission, Grand Junction, Colo. 
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A BIG SELECTION 








This 30 CFM unit is the smallest of the new line 
of 10 RC vacuum blowers ranging up to 1,000 
CFM. They bring the total selection of Roots blow- 


ers to 4 sizes...with savings jor you in every size. 


OF SMALL VACUUM BLOWERS 


Roots-Connersville adds 10 small-volume vacuum 
pumps to its already extensive line to give you better 
selection, better performance in limited-volume 
applications. This new line is designed to handle 
capacities ranging from 30 CFM to 1,000 CFM, for 
operation at up to 20 inches mercury vacuum in 
single stage construction. These units are designed 
for compounding for higher vacuum service. 


Major features of the larger Roots water-sealed units 
are retained: simple, efficient design without internal 


Your nearest Roots-Connersville 


valves, no internal contact between moving parts, 
normal maintenance limited to oil changes, efficient 
operating speeds and minimum sealing water 
requirements. The result is more CFM per dollar. 


Only Roots-Connersville offers exclusive rotary 
positive design and such ease of installation in 
vacuum blowers of this size. They are now available 
for a wide variety of application in the food, chemi- 
cal, petroleum, paper, sewage and industrial waste 
treatment, mining and other industries. 


DIVISION OF DRESSER INDUSTRIES, INC. 


sales engineer has full details on 
this new series of vacuum blowers. R T ONNE IL 
Or write for a specification » 
sheet and for Bulletin VP-158 
s 


covering the larger units. 


560 Mountain Avenue, 


Connersville, Indiana. in Caonade—629 Adelaide St., W., Toronto 
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...the most effective classifier 


for a wide range of applications 


LOW INITIAL COST ~ REDUCED MAINTENANCE 
GREATER RUNNING TIME (No grind-out required) 
METALLURGICAL GAINS OFTEN OF MAJOR CONSIDERATION 


INTEGRAL 2-STAGE 
KREBS CYCLONE. 
(Patented) 


PREFERRED by a rapidly expanding number of large operations for: 


@ CLOSED-CIRCUIT CLASSIFICATION IN PRI- @ MINE FILL FROM TAILINGS. Quick set, good 
MARY MILLS. percolation for faster mining operations. 


\ 
@ BERM PREPARATION FOR TAILINGS DAM. é 


@ SECONDARY MILLING CIRCUITS. 
@ ADJUNCT TO FILTER FEEDS. Protects thicke 


@ CONCENTRATE REGRIND CIRCUITS. ener from overloads of coarser fractions. ‘ 


@ PRECISION DE-SLIMING. @ DESANDING MINE WATER. Reduces pump- 
ing maintenance substantially. 


@ OTHER SPECIAL APPLICATIONS. 


EQUIPMENT ENGINEERS INC. HAS DEVOTED ITS 
ENTIRE EFFORTS for over 11 years to the design and manu- 


facture of cyclones adapted to individual plant operations. 


THE PILOT PLANT AT PALO ALTO is equipped for full- 
scale testing programs. Results are correlated with a large tabu- 
lation of data from other tests and subsequent installations and 
accurate performances are predicted. This work often leads to 


economies and metallurgical gains. 


i ana ae THESE FACILITIES ARE AVAILABLE TO YOU for the 
study of your classification problems. Inquiries invited. 








© EQUIPMENT ENGINEERS, ING. 


os 737 LOMA VERDE AVENUE + PALO ALTO, GALIFORNIA 
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JOY-HAZEMAG 


Joy-Hazemag Impact Crushers provide selective 
crushing of a wide range of materials with effi- 
ciency and economy. By adjusting the position 
of the impact plates and varying the rotor speed, 
material is crushed in a controlled spectrum of sizes. 


20 MODELS—5 TO 500 TPH CAPACITY ,, 77 Pie eee om theouth ¥6” while liaiting 


fines (minus 100 mesh) to a minimum; Limestone 
SELECTIVE CRUSHING WITHOUT for fiuxing can be crushed to a maximum grade 
product in a one-pass reduction to minus %”’ plus 
EXCESSIVE FINES 100 mesh; Hard and soft parts of conglomerate 
can be crushed to different sizes in one pass, for 
Iron Ore - Asbestos Ore recovery of mineral values in one fraction by a 

scalping screen. 
Limestone - Coking Coal - Marble Write for full information on how Joy-Hazemag 
Im Crushers can give you better crushed ma- 

Salt - Gypsum + Slag tani s _ 


R EQUIPMENT FOR MINING... FOR ALL INDUSTRY J 0 Y 


Joy Manufacturing Company 


. a iS * ee Oliver Building, Pittsburgh 22, Pa. 





In Canada: Joy Manufacturing Company 
(Canada) Limited, Galt, Ontario 

















Stushers | Rock Bits | Drilimobiles 
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TRACK EQUIPMENT 


An extensive railway system serves the 
Toquepala mine facilities. Nordberg equip- 
ment used by the contractor in laying rail 
included Power Jacks, Power Wrenches, 
Rail Drills, and a Hydraulic Spike Puller. 


SYMONS® CONE CRUSHERS 


Six Symons Cones handle secondary and 
tertiary crushing at the big Southern Peru 
Copper Corp. plant. Two of these are 

‘ Standard units, and four are of the Short 
Head type. 





NORDBERG ENGINES 


Five Nordberg 4-cycle diesel engine-gen- 
erator units are installed at the mine, 10,600 
feet above sea level. Each of the 8-cylinder 
Nordberg supercharged engines is rated 
1830 bhp, 1295 kw at their installed altitude. 


* The huge Southern Peru Copper Corp. these companies have used Nordberg Ma- 
open pit copper mine at Toquepala, Peru, chinery in their far-flung mining operations. 
is one of the major new mining projects of For, at Toquepala, as in most of the 
this decade. It is now in production, after world’s great ore and mineral operations, 
more than five years of planning and de- Nordberg Mining Machinery is playing an 
velopment through the combined efforts of important part in the production of large 
four large metal mining companies. Each of tonnages of ore at low cost per ton. 


NORDBERG MANUFACTURING COMPANY 


Milwaukee 1, Wisconsin 


ATLANTA CLEVELAND DALLAS * DULUTH *® HOUSTON © KANSAS CITY © MINNEAPOLIS © NEW ORLEANS © NEW YORK 
ST. LOUIS * SAN FRANCISCO ® TAMPA ® WASHINGTON ® TORONTO © VANCOUVER ® JOHANNESURG ® LONDON © MEXICO, D.F. 


FILL EITHER REQUIREMENT 


To meet the varying operational requirements 

throughout the Mining industry, CFal Space 

Screens are produced in a great variety of weaves, 

crimps and edge preparations. Wire sizes range up 

to 1”, with screen openings as large as 6”. The 

capability of CFa&l to provide the exact screen you 

need is another one of the meanings represented by SoainGk Eas pene t= aca aor go 
our Corporate Image. area 60%. area 30%. 


Both screens have the same size openings. 


For complete information on all types of CF&I Space 
Screens, contact your local CF&I sales office. 


CF.Ii SPACE SCREENS 


THE COLORADO FUEL AND IRON CORPORATION street 


in the West: THE COLORADO FUEL AND IRON CORPORATION—Albuquerque - Amarillo - Billings - Boise - Butte - Denver - El Paso + Farmington (N.M.) 
Ft. Worth + Fresno - Houston + Kansas City - Lincoln - Los Angeles - Oakland - Oklahoma City - Phoenix - Portland « Pueblo - Sacramento «- Salt Lake City 
San Francisco - San Leandro - Seattle - Spokane - Wichita 
In the East: WICKWIRE SPENCER STEEL DIVISION—Atlanta - Boston - Buffalo - Chicago - Detroit - New Orleans - New York - Philadelphia 
CF&i OFFICE IN CANADA: Montreal CANADIAN REPRESENTATIVES AT: Calgary - Edmonton - Vancouver - Winnipeg 
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to the salt mines...F QR LIFE 


There’s just one reason why Rex-Rated Idlers were sent to the salt 
mine shown above. ..International Salt Company knew in advance 
that these idlers would provide maximum service life under punish- 
ing corrosive conditions and continuous heavy loads. Years of 
service have proved the decision was right. Down time has been 
kept to a minimum. 

The main reason why Rex-Rated Idlers eliminate guesswork and 
costly selection errors is because the Rex-Rated line is complete with 
idlers for every application. And every Rex Idler is accurately rated 
to provide exactly the operating life required under specific operating 
conditions. A simple selection chart tells you in advance exactly 
which idler you need and what kind of service to expect before 
you buy. 

The Rex Rating System and the Rex line are the results of years 
of experience in idler design and testing by Rex Engineers. 

Why risk costly errors? Specify Rex-Rated Idlers. Write CHAIN 
Belt Company, 4794 W. Greenfield Ave., Milwaukee 1, Wis. In 
Canada: CHAIN Belt (Canada) Ltd., 1181 Sheppard Ave. East, 
Toronto. 





CONVEYOR SYSTEMS 
AND COMPONENTS 


REX Conveyor 
components 


‘ 





MAY 1960, MINING ENGINEERING—447 





Traylor-Made . .. means rugged dependability in heavy 
machinery. 60 years of industrial engineering ex- 
perience goes into our ROTARY KILNS, PRIMARY 
and SECONDARY GYRATORY CRUSHERS, JAW 
CRUSHERS, APRON FEEDERS, BALL MILLS. 


write for bulletins, giving complete information. 


TRAYLOR ENGINEERING & MANUFACTURING 
DIVISION OF FULLER COMPANY 
1543 MILL STREET, ALLENTOWN, PA. 


TGA! 
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Specify 
SANDVIK 


COROMANT 


HGOPE-THREAD 


bits and steels 
..: for quick hand uncoupling! 


No, it’s not child's play, but the fact is you can 
uncouple Sandvik Coromant Rope-Thread bits and 
steels by hand! Smooth, shallow-depth, rounded 
threads with a pitch of just 2 turns per inch prevent 
binding. You'll have fewer thread failures too, com- 
pared with ‘‘saw-tooth’’ thread designs. What's more, 
only the threads are hardened, so you can re-thread 
steel sections without heat-treating. And, with faster 


uncoupling, you'll drill more feet per shift! 


Coromant bits and steels have many other advan- 
tages, too: Better quality carbide (Sandvik is one of 
the largest manufacturers of carbide in the world)... 
better, more rigid steel...superior workmanship... 
all add up to above-average bit and rod life, up to 
double the footage between sharpenings, and 
straighter, cleaner holes. 

Want proof? Easy! Call us and we'll arrange for a 
demonstration and test on your job. Write us today. 
Address: Dept. ME-11. 


Sttlas Copco 


545 Fifth Avenue, New York 17, N.Y. 


610 Industrial Avenue 
Paramus, New Jersey 
COlfax 1-6800 


930 Brittan Avenue 
San Carlos, California 
LYtell 1-0375 
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3 new series Cat Motor Graders 


No. 12 
Series E 


No. 112 
Series F 


No. 112 
Series E 


for higher production, 
easier servicing and long life! 


No machine is better than its engine—and the new 
Cat Diesel Engines in these three new series Motor 
Graders are better than ever. They’re more com- 
pact, more rugged and modern in design. They 
incorporate the latest developments in metallurgy 
and technology. They provide three important 
bonuses—greater lugging ability in tough going, 
easier servicing and long life. 


A COMPLETE LINE—85 HP to 150 HP 


The new Turbocharged 100 HP No. 112F is de- 
signed for high production to match work require- 
ments between the new 85 HP No. 112E and new 
115 HP No. 12E. Compared with the 85 HP model, 
the 100 HP machine delivers 5% higher travel 
speeds and a 5% increase in blade speed control. 
With its introduction into the line, Caterpillar now 
offers you a choice of four Motor Graders in all to 
meet your specific requirements. The largest is the 
Turbocharged 150 HP No. 14, the most versatile 
big grader ever developed. 


SEE YOUR CATERPILLAR DEALER 


Some of the features of the new Cat Motor Graders 
are described briefly here. But for the complete 
picture, see your Caterpillar Dealer. Ask him to 
show you how they’re a better buy for your money 
than ever. Take a look under the hoods at the new 
modern-design engines. Better still, ask for a 
demonstration. 
See how they “pull through” tough going. 


Caterpillar Tractor Co., General Offices, Peoria, Ill. 


CATERPILLAR 


Caterpillar and Cat are Regsstered Trademarks of Caterpitias Tractor Co 
savy: uTY 

penn # oe 
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TO 





FOR YOUR JOB? 


pact engines! 


with new com 


NEW HIGH TORQUE. Though the engines 
in the new Cat Motor Graders are de- 
signed specifically for each machine, they 
all develop higher torque than previous 
models and have other basic improve- 
ments in common. For example: shorter, 
stiffer blocks and crankshafts ... stronger, 
distortion-resistant cylinder heads. .. im- 
proved cooling systems with greater ca- 
pacity ...engine lubricating oi! condition- 
ing ...and advanced design fuel systems 


New No. 12E Motor Grader 
features new compact 
115 HP Engine 


New No. 112E Motor Grader 
features new compact 


85 HP Engine 


The new No. 112F is similar 
in appearance, but features a 
Turbocharged 100 HP Engine. 


—new, compact fuel injection pumps with 
barrel and plunger assemblies in easy- 
to-service pump housings. 

NEW STARTING ENGINE. Now standard 
is a new two-cylinder, vertical starting 
engine to replace the horizontal engine. 
All three Motor Graders use a modern 
12-volt electric system. An optional 
24-volt system is available for use in 
moderate climates where direct electric 
starting is practical. 


PERFORMANCE-PROVED FEATURES. 
While many advances have been designed 
into the compact new engines, certain 
time-tested features have been retained. 
To mention a few: precombustion cham- 
ber design that delivers maximum horse- 
power on heavy, economy-type fuels... 
steel-back aluminum bearings . . . wet- 
type “Hi-Electro” hardened cylinder 
liners ... and aluminum pistons with 
cast-in ring band. 


OTHER HIGH-PRODUCTION FEATURES IN CAT MOTOR GRADERS 


—_—— - 


— 


ae 
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NEW DRY-TYPE AIR CLEANER 
(standard) removes a minimum 
of 99.8% of all dirt from intake 
air during every service hour. Can 
be serviced in 5 minutes. Cuts 
your maintenance time by as 
much as 70% and substantially re- 
duces maintenance costs. Cleaner 
air also extends engine life. 


EXCLUSIVE OIL CLUTCH (stand- 
ard) provides up to 2000 hours 
service without adjustment, the 
equivetent of about 12 months of 
“adjustment-free” operation. A 
Caterpillar development proved 
by millions of hours of use, it 
virtually eliminates down time 
for clutch repair. 


AUTOMATIC BLADE CONTROL 
optional) cuts grading time in 
half. Operstor sets desired siope 
on dial and only has to control 
depth of cut. Manufactured by 
Preco Incorporated, the unit auto- 
matically maintains biade slope 
within Ve" in 10’. Available fac- 
tory installed. 








THIS IS MSA: Ittumination - Electronic Communication and 
Control » Rock Dusting and Dust Collecting - Fire Fighting Equipment - 
Respiratory Protection + Artificial Respiration Equipment - Personal Pro- 
tective Wear - First Aid Equipment - Permanent and Portable Instruments 


So much depends on unfailing light 


Men and machines cannot work at peak productivity 
without proper illumination. Poor light means unsafe 
working conditions. Without light there is no work, no 
production underground. Illumination is that important. 

Through years of close cooperation with the mining in- 
dustry, Mine Safety Appliances has developed a quality 
line of illumination products that put all-important unfail- 
ing light underground. And, all MSA products are backed 











up by a network of sales, service and warehouse facilities. 

MSA illumination products include miners’ Edison elec- 
tric cap lamps, permissible trip lamps and fluorescent mine 
lighting systems. Automatic lamp charging equipment is 
supplied for self-service lamphouse installations. 

Contact your MSA representative for additional infor- 
mation. Or, write Mine Safety Appliances Company, 201 
N. Braddock Ave., Pittsburgh 8, Pa. In Canada: Mine 


Safety Appliances Company of Canada oi NS 


Ltd., 500 MacPherson Ave., Toronto 4, Ont. 
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CYANAMID DE MEXICO, S.A. 
Apartado Postal 283 
Mezico 1, D.F., Mezico 


CYANAMID OF GREAT BRITAIN LTD. 
Bush House, Aldwych, 
London W.C. 2, England 


OUTH AFRICAN CYANAMID (PTY.) LTD. 
P.O. Box 7552, 
Johannesburg, Union of South Africa 


H. HARTIJENS 
Casilla 4393, Belen 1043, 
Of. 7, Lima, Peru 


CYANAMID AUSTRALIA PTY. LTD. 
Atlas Building, 406 Collins Street 
Melbourne, Australia 


CYANAMID (FAR EAST) LTD. 
506 Nikkatsu International Bldg. 
Yuraku-Cho, Tokyo, Japan 


CYANAMID OF CANADA LIMITED 
Montreal, Quebec 
Offices: Toronto, Monireal, Vancouver 


Cyanidation Process Ch 
Flotation Reagents 
Floceulating Agents 

Film Forming Agents 
Surface Active Agents 





High Explosives 
Permissibles 
Seismograph Explosives 
Blasting Agents 
Blasting Caps 
Electric Blaming Caps 
Blasting Accessories 


Now available 


to metallurgists everywhere cee 


a completely revised edition of 


FLOTATION REAGENTS 
Mineral Dressing Notes No. 25 


This informative 48-page booklet contains a thorough run-down on 
all commercially available Cyanamid Mining Chemicals plus helpful 
data on their use in processing various types of ores. Expanded and 
completely revised since its last printing in 1954, it now includes val- 
uable facts about new Cyanamid flocculants as well as new authorita- 
tive information on copper-lead and copper-moly separations. 


For over 40 years, Cyanamid has supplied the mining world with a 
complete line of flotation reagents, flocculants and other mining chem- 
icals, backed by a wealth of useful technical literature. Assistance in 
using Cyanamid processes and products is always available through our 
experienced field engineers located throughout the world and from 
Cyanamid’s own Mining Chemicals Laboratories. 


Use this coupon for your copy. 





Please send me — 
Mineral Dressing COMPANY 





Notes No. 25 
FLOTATION ADDRESS 





REAGENTS 











AMERICAN CYANAMID COMPANY 


EXPLOSIVES AND MINING CHEMICALS DEPARTMENT 





CYANAMID INTERNATIONAL — Mining Chemicais Department 
Cable Address:—Cyanamid. New York 


3O ROCKEFELLER PLAZA, NEW VORK 20, N. Y. 








Why TRANSLOADER? 


The Only Self-Loading Transport! 





2. TRANSPORTS AT SPEEDS UP TO 23 MPH — 
either direction! 





—s 
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4. puMPS LOADS IN 15 SECONDS! 


THIS IS WHY the S-D Transloader is more efficient than 
conventional equipment and methods of materials han- 
dling. But this is not all. The S-D Transloader way is the 
lowest possible cost way because: 


. LOWEST ORIGINAL COST for tons handled! 


. LOWEST MAINTENANCE due to extremely simple 
design and high quality of components . . . such as 
T-1 Steel, Cummings Engines, Clark Axles, Allison 
Transmissions! 


. LEAST VENTILATION required underground due to low 
horsepower ratio to work-done! 


LOWEST LABOR COST PER TON! Incentive systems 
fit the S-D Transloader like a glove because of solo 
operation! Nothing could be neater than an operator 
loading and running a known distance to discharge 
by himself! This RELEASES SUPERVISION! S-D Trans- 
loader also ELIMINATES TASK OF TRYING TO 
BALANCE MEN AND EQUIPMENT WITH CON- 
STANTLY CHANGING SITUATIONS! 
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Transloader saves labor and machine costs 
wasted in multiple machine operation. 








5. NO TURNAROUNDS REQUIRED! Returns 
immediately to reload! Travels at higher 
speeds than other equipment because of 
low center of gravity and articulated 
steering! 


Write us today for Complete Packet of illustrated litera- 
ture, data and time studies on this remarkable machine — 


THE ONLY SELF-LOADING TRANSPORT! Sanford-Day 
Iron Works, Inc., Dale Avenue, Knoxville, Tennessee. 
Telephone: 3-4191 


SAN Foro: DAY 


KNOXVILLE, TENNESSEE 





Continued from 


page 427 


clear energy, and new knowledge 
from outer space. For each topic a 
natural scientist tells where re- 
search in that field stands now and 
where it seems to be going, and two 
other authorities examine the im- 
plications from their particular 
view point—businessman, govern- 
ment administrator, economist, po- 
litical scientist, etc. © @ @ 


Water—Supply, Demand and the 
Law by Irving K. Fox, Reprint No. 
15, Resources for the Future, 1145 
Nineteenth St. N. W., Washington 
6, D. C., single copy free, additional 
copies 25¢, 1960.—Paper presented 
before the Section of Mineral and 
Natural Resources Law of the 
American Bar Assoc., Miami Beach, 
Fla., Aug. 25, 1959. Reprinted from 
its 1959 Proceedings. 


Two Statements on The Nation’s 
Energy Position: Past and Prospec- 
tive Demands by Sam H. Schurr, 
and The Future Supply of Energy 
Resources by Bruce G. Netschert, 
Reprint No. 14, Resources for the 
Future, 1145 Nineteenth St. N. W., 
Washington 6, D. C., single copy 
free, additional copies 50¢, 1960.— 
Statements presented before the 
Subcommittee on Automation and 
Energy Resources of the Joint Eco- 
nomic Committee, Oct. 12, 1959. Re- 
printed from the record of the hear- 
ings, Energy Resources and Tech- 
nology, Government Printing Office; 
Washington, 1959. 


Winding and Transport in Mines by 
John Sinclair, Sir Isaak Pitman & 
Sons Ltd., Pitman House, Parker St., 
Kingsway, London W.C. 2, England, 
370 pp., approx. $8.60 (£3.0.10), 
1959.—-The equipment and practices 
currently in use in British coal 
mines for vertical and horizontal 
haulage are examined in this book. 
Locomotive and conveyor transporta- 
tion are thoroughly covered as well 
as rope, horse, and manual haulage 
systems still in use. 


ABSTRACTS 


In This Issue: The following abstracts 
of papers in this issue are reproduced for 
the convenience of members who wish 
to maintain a reference card file and for 
the use of librarians and abstracting ser- 
vices. At the end of each abstract is 
given the proper permanent reference 
to the paper for bibliography purposes. 


Education Symposium— ts from the 
panel discussion held at AIME Annual 
Meeting, February 1960. Articles presented 
deal with the changing role of the mining 
engineer, the incentives needed to attract 
students to the field of mineral engineering, 
the need for a revised mining engineering 
curriculum in the colleges and universities, 
and future opportunities in the mineral in- 
dustry. Ref.: Mrininc Encinerrinc, May 1960, 
p. 459. 


Dredging Within the Law by Robert P. 
Porter, Richard B. Porter, and Robert A. 
Lothrop (TP 59H9)—Changes became nec- 
essary in dredging methcds in Idaho through 
passage of the Dredge Mining Protective Act 
in 1954. Among other provisions, the law re- 
quires operators to construct settling ponds 
of sufficient capacity and character to rea- 
sonably clarify the water used in the mining 
process before such water is discharged into 
the stream. This article tells how one com- 
pany adapted its operations to stringent state 
conservation laws. Ref.: (Mininc EncIneerine, 
May 1960) AIME Trans., 1960, vol. 217, 
p. 4 


A-C Power Distribution fer Underground 
Mining by Will B. Jamison (TP 59F106)— 
The recent development and gradual ac- 
ceptance of continuous mining machines 
has so emphasized the problems inherent in 
supplying large blocks of power from DC 
systems that the advantages of AC supply 
for mining equipment can no longer be 
ignored. This fact is generally being ac- 
cepted even by those who intend to use rail 
haulage and must therefore continue to use 
DC. The purpose of this paper is to discuss 
the factors which should be considered in 
designing, operating, and maintaining a safe, 
adequate, and economical system for supply- 
ing AC power to underground mining equip- 
ment. The subject of applying AC motors 
and control to the special loads and require- 
ments of various types of mining machinery 
has been discussed by others and is not 
treated. Ref. (Mrivinc Encinerrinc, May 1960) 
AIME Trans., 1960, vol. 217, p. 472. 


Availability ef Cesium fer len Reckets by 
Robert Greenwood (TN 591241)—The plan- 
ning of interplanetary missions has evoked 
from rocket engineers some radical ideas for 
propulsion systems, in an effort to attain 
maximum energy with minimum weight of 


ATLAS 1', 
One of 14 Atlas locomotives in service at 
Quebec Lithium Corporation. 


Ask for Bulletins 1293 and 1294. 


IN CANADA 


MINE EQUIPMENT CoO. 
MONTREAL 28, QUEBEC 
TORONTO © SUDBURY © KIRKLAND LAKE 
EDMONTON « VANCOUVER 


fuel. Cesium is considered desirable for use 
in ion rockets. Present production, uses, geo- 
chemical distribution, and tial ore de- 
posits are discussed. Ref.: (Muvine Enciverr- 
inc, May 1960) AIME Trans., 1960, vol. 217, 
p. 482. 


Lead Reduction in Systematic Supperts by 
Lawrence Adler (TP 59A200)—The 
transfer of roof loads from props 

to ribs and pillars can result in appreciable 
savings. The author shows how to pian such 
load reduction in underground mines. Bef.: 
(Mrxinc Ewornerrinc, May 1960) AIME 
Trans., 1960, vol. 217, p. 484. 


Tumbling Mill Power at Cataracting Speeds 
by P. K. Guerrero and Nathaniel Arbiter 
(TP 48191)—The correlation of the power 
consumed by a tumbling mill with the di- 
mensions, speed and load, has been attempted 
by three principal methods: 1) the use of 
the torque formula, 2) a more general = 7 
proach, using dimensional analysis, and 3) 
complete analysis of tumbling mill dynamics 
which attempts to develop the power re- 
quirement from individual ball and rod 
paths and velocities. The methods are com- 
pared in detail a 

rived for predicting results. Ref.: 
EncInerrinc, May 1960) AIME Trans., 

vol. 217, p. 488. 


Effect of Temperature on Soap Flotation of 
Iron Ore by Strathmore R. B. Cooke, Iwao 
Iwasaki, and Hyung Sup Choi (TP 59B206) 
—The effect of temperature as a parameter 
in ore flotation has not been systematically 
studied, although for some ores it has been 
known for many years that selectivity and 
grade concentrates can be improved by con- 
ditioning or flotation at moderately or sub- 
stantially elevated temperatures. The present 
article describes comparative results obtained 
at room temperature and at elevated tem- 
peratures by otherwise conventional flotation 
of iron ores, by single-mineral flotation in 
the Hallimond tube, and by contact-angle 
measurements. It is not the purpose of this 
article to evaluate the commercial feasibility 
of high-temperature flotation of iron ores, 
although preliminary calculations show that 
the cost should not be excessive and that 
the gains to be realized may well outweigh 
the extra cost of heating the pulp. Bef.: 
(Mininc Ewncrneertwc, May, 1960) AIME 
Trans., 1960, vel. 217, p. 491. 


ATLAS CAR & MFG. CO. 


1140 IVANHOE ROAD 
CLEVELAND 10, OHIO 
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MINING 


PRESTIGE PLUS GLAMOUR 
FOR MINING ENGINEERING 


In this issue you will find the full story of the session spon- 
sored by the SME Education Committee at the Annual Meeting. 
The session itself had good attendance and the participation of a 
top notch panel which bluntly dealt with the topic: Mining 
Education, Phoenix or Dodo. It does not unduly destroy the sus- 
pense to say that the participants agreed that many things are 
needed, but that a funeral is not one of them. It is no Dodo. 

Industry representatives called for an extensive list of im- 
provements and for added training in new subjects. If the min- 
eral industry engineer is to be an administrator he must have 
broader knowledge of all three fields—exploration, mining, and 
beneficiation. If he is to coordinate specialists from other fields 
and usefully employ the newer tools of business and science he 
must have familiarity with these specialties. At the same time 
there was agreement that engineering fundamentals—science, 
mathematics, and derivative courses—must not be neglected, in 
fact, that the basic science component should be strengthened. 

If one accepts these demands as logical, what can be cut from 
the present curricula to make room for broader and better train- 
ing? There was some comment about eliminating cookbook 
courses. But most, if not all, colleges have already pared this 
material below prewar levels. The problem is even more difficult 
if you note that many mining students already take far more 
than 120 or 126 semester units, over time periods in excess of 
four years. 

It appears inescapable that we must lengthen the course if we 
are to strengthen it. One means of doing this would be to en- 
courage future mining engineers to take a four-year bachelors 
degree in their field and add graduate work leading to a masters 
degree in industrial engineering or business administration. 
But the attractiveness of this program to prospective students is 
probably low. Perhaps there is a better approach. 

The glamour of mining was cited several times as an asset in 
attracting students to the field. Since we seek good new students, 
why not give mining a special position among engineering 
courses, give it prestige as well as glamour? Perhaps the five 
year E.M. degree should be revived; probably there is a better, 
more saleable label but whatever the label, let us meet these 
demands for additional training with whatever additional time 
is necessary. And, then, let us not apologize for the length of the 
course, but rather go out and sell mining engineering as a course 
which not only differs from other engineering courses, but is 
better in its breadth and depth. 

Let’s give mining engineering prestige as well as glamour!— 
Rixford A. Beals 





X-RAY SENSORS 


FOR AUTOMATION 


OW...full-time analysis of 
materials in actual production 


XEG X-Ray Emission Gage watches and measures up to 5 selected elements 


Solids, powders, slurries, fluids — General Elec- 
tric XEG X-Ray Emission Gage examines them as they 
actually move through production . . . writes a running 
record of their elemental make-up. XEG tirelessly sur- 
veys up to five elements simultaneously, continuously 

. senses both their presence and quantity. Where 
practical to operate minus reference, even analyzes a 
sixth element. 


Versatile XEG serves equally well for on-line process 
control or individual-sample analysis. Scientifically 
trained operator is not required — because once set for 
specific analysis, there’s little need for further adjust- 
ment. XEG then automatically delivers the facts on 


composition for rapid-fire, continuous feedback to 
process control. 

Applications are as limitless as your imagination. 
And, whenever you like, we can explore XEG poten- 
tials with you. The details are available now from your 
G-E x-ray representative. Or write us at General 
Electric Company, X-Ray Department, Milwaukee 1, 
Wisconsin, for Pub. ME-54. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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STEPHENS-AADAMSON 


* J . % 


builds AMSCO 
FEEDERS for 


STEPHENS-ADAMSON builds a complete line of feeders to fit every 
need. From light duty units handling a few tens of light materials 
every fe] @ = per hour to giant AMSCO Feeders built to take the impact delivered 
by thousands of tons of run of mine ore and stone. Material flow 


late. altel itate from hoppers and bins can be accurately controlled up to 3000 


T.P.H. and more. The S-A Feeders consist of a series of overlapping 
steel pans attached to endless conveyor chain. A wide range of pan 


requirement styles are available depending on the application. AMSCO Feeder 


Manganese steel pans and chain actually become tougher with con- 
tinued use and impact. Many units are still in service after thirty 
years of rough treatment. 


*THE ROUGHER YOU TREAT 'EM... 
THE TOUGHER THEY GET! 


*Reg. T.M. American Manganese Steel Co. 
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THE FUTURE MINING ENGINEER — 
WHO WILL HE BE? 
WHERE WILL HE COME FROM? 


These articles present highlights from the Education Symposium held 
at the AIME Annual Meeting in New York, February 1960. Co-Chairmen 
of the panel discussion were Professors Stefan Boshkov and Malcolm Wane 
of the School of Mines, Columbia University. 


The following introduction summarizes Chairman Boshkovu's opening 


address. 


What is a mining engineer? What should his 
basic characteristics and educational qualifications 
be? 

Some years ago we confessed to being every- 
thing wrapped up in one—jacks of ail trades. Min- 
ing schools were expected to offer a broad educa- 
tion spread into many fields. Subsequently we 
shrank the educational span, spread out our 
engineering even more thinly, and arrived at what 
someone perhaps aptly termed, about 1935, “a 
simple assemblage of rather elementary operations 
in the other branches of engineering.” 

Have we, since then, gone out to secure a dynamic 
image and identity for ourselves in the ever-chang- 
ing technologies of our time? Or do we, by and 
large, still teach the old and antiquated subjects? 

U.S. colleges will graduate some 190 mining en- 
gineering students during 1960, out of a projected 
total of 33,115 Bachelors of Science in engineering. 
This represents 0.58 pct of the total. With metal- 
lurgy and petroleum added, 670 and 660 respec- 
tively, our percentage is a respectable 4.6 pct. 

It would seem that a large and basic industry, 
such as mining, needs more than 190 mining engi- 
neers. 

Shall we in mining education blame a disinter- 
ested industry for this plight? Shall we blame the 
space age, and the glamour fields of engineering, 
for robbing us of students? 

Shall we blame low pay scales in mining? Or 
admit to the inexcusable lack of publicity? 

Or shall we, perhaps in desperation, put the 
blame on a disinterested U.S. Government? 

All of us have our stock answers, regardless of 
whether or not they can stand scrutiny. 

The problems of mining education are numerous 
and varied. We, the mining educators, have dis- 
coursed upon our troubles in the past. Occasionaliy 
we have borne the wrath of some members of in- 
dustry. But the majority of us have tacitly agreed 
that we are doing a good job. We are all members 


of the same mutual admiration society. No doubt if 
we appraise ourselves individually, the inevitable 
verdict will be that we are, if not excellent, then 
at least very good. 

The intent of this meeting is to allow us to take 
a look at ourselves collectively, not through our 
own eyes, but through the eyes of our customers. 

We will allow the premise that mining education 
sells a product and that this product, in the past 
ten years at least, has been found deficient and/or 
defective, bringing about a slump in our sales 
volume. 

Lest we find ourselves peddling a dead article, 
we ask the users of our product tu indicate where 
we have failed. 
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Mining engineering enrollment vs total college en- 
rollment. Courtesy of Philip J. Shenon, Stanford 
University. Sources: W. A. Jaracz: Opening (Fall) 
Enrollment in Higher Educational Institutions 1955. 
(U. $. Department of Health, Education, and Welfare 
Circ. 460, Dec. 1955) W. B. Plank: Engineering En- 
rollment Report. Mintnc ENctineeninc, April 1955. 
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EDUCATION FOR THE FUTURE MINING ENGINEER 


Lb last twenty years have been years of great 
change and revolution in many branches of our 
industrial life. Scarcely any field is without new 
developments which have contributed in creating 
new industries and also in dislocating and replacing 
some old ones. 

Since the depression years the mining industry 
itself has experienced great changes. Today the 
trend is toward less underground and more open 
pit mining, away from vein mining bcause of its 
high costs and toward large-scale low-grade opera- 
tions that permit a high degree of mechanization. 
Statistics on employment do not reflect these 
changes. Looking closer at the copper industry, the 
day is practically over for the large number of 
underground vein mining operations or even for 
block caving operations in our country. In their 
place the low-grade open pit mines have developed, 
employing approximately the same number of men 
as were formerly employed underground. Rela- 
tively few, however, are required as mining engi- 
neers or require a mining engineer’s education. 
The same has happened in underground iron and 
coal mines. As for the other metal mines, the situa- 
tion is depressing. Few gold and silver mines in 
this country are operating, and the lead and zinc 
mines are badly affected by very low metal prices. 

For a short period the uranium boom appeared 
to be an area where the mining engineer could look 
for a revival of his former opportunities. Un- 
fortunately that is now fading, although it still 
holds some possibilities for the future. 

Overseas, opportunities for the young engineer 
still exist, although even here the situation is not 
the same as it was a generation ago. The nationals 
or citizens of the host country are developing and, 
in many areas, doing a very creditable job in the 
field of mining. In many foreign lands it is becom- 
ing increasingly difficult for a young engineer to 
receive permission to enter and work in his profes- 
sion. 

As a result of these changes, the need for the 
earlier type of mining engineer trained broadly in 
many fields has greatly decreased. In his place we 
need engineers with more training, capable either 
of specializing or developing eventually into ad- 
ministrative work in any branch of the extractive 
industries. 

Today the young men who would have entered 
mining in the past have gone into other branches 
of engineering or industry. They have sensed the 
need for modernization of this field of education 
and steered away from it into what appeared to 
them the more glamorous, up-to-date professions. 

Looking toward the future, we may well ask, 
what will industry require from the mining schools 
and colleges and what changes in curriculum should 
be planned for the young mining engineer? 

There are several steps to be taken in moderniz- 
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by CHARLES M. BRINCKERHOFF 
President, The Anaconda Co. 


ing this field of engineering education. First, it 
should have a new name to indicate the broad scope 
of this new educational effort and training. The 
word engineer standing alone to indicate the pro- 
fession is itself sufficient. It is no more necessary to 
indicate the specialty in engineering than it is in 
other professions, such as law and medicine. 

An engineering student should receive concen- 
trated training in the basic courses of engineering, 
with adequate electives in his preference. In the 
case of the student we are considering, electives 
would mean general courses in geology, mining, 
metallurgy, industrial chemistry, metal fabricating, 
petroleum engineering, and engineering in the field 
of nonmetallic minerals, which are increasingly 
important in our present world. Such a curriculum 
would leave room, on a post-graduate basis, for 
development of specialists in the fields of advanced 
geology, metallurgy, ore Cressing, chemistry, and 
automation. 

To accomplish this, the writer proposes that the 
educational program be accelerated, with the year 
divided into three semesters, each of four-month 
duration. The degree of engineer would thus be 
obtainable in three years. If the student wished to 
continue his studies and specialize, a degree in his 
speciality would: be granted after completion of 
two years of additional work. 

Second, the curriculum of a revised engineering 
course, particularly as applied to the needs of the 
extractive industries, should also include a few 
cultural courses which would broaden the engineer 
and prepare him for a responsible place in social 
and civic life. In addition the following subjects 
are suggested for inclusion for greater emphasis 
than has been placed on them in the past: English 
composition as a preparation for report writing; 
public speaking; economics as applied to markets 
and today’s business world, which would include 
the role of Labor and Capital in industrial opera- 
tions; sales engineering; training in one or more 
foreign languages, with emphasis on conversation; 
and a course in the theory of cost accounting and 
financial control, especially adapted for the engi- 
neer. 

There is great need for better-trained engineers. 
Those in charge of engineering education must de- 
velop programs better suited to the drastically 
changed situation in the extractive industry and 
broaden the mining engineering course to include 
the entire field of metals, nonmetallics and fuels, 
their recovery from the natural state, and their 
preparation for markets. 

Student enrollment in our engineering schools 
will increase when those teaching mining engineer- 
ing offer programs tailored to the needs of the 
modern world. This means a broad engineering 
course in the initial stage and specialization in the 
final stage. 





THE FUTURE OF MINING ENGINEERING 


he principal aim of the 1960 AJME Council of 

Education Panel Discussion is to explore the 
fundamental reasons for the serious and progressive 
slump in mining engineering enrollments at U. S. 
mining schools. Educators and many of the in- 
dustry’s executives are concerned that mining engi- 
neering, as such, may be a dying profession. For the 
academicians of the 29 U. S. mining schools it poses 
the question of their survival. For management the 
question is how to maintain an adequate supply of 
young mining engineers to fill the line and staff posi- 
tions in industry and government. 

On the assumption that mineral producing enter- 
prises will continue to need properly trained engi- 
neers, the Panel proposes to discuss: 


1) The present and future needs for mining 
engineers. 

2) The qualifications and characteristics desired 
in young mining engineers. 

3) The opportunities open to these engineers. 

4) How mining school educators can do a better 
job. 

5) How more effective communication can be 
developed between the mining industry and 
the schools serving it. 


The problem.of recruiting students was nof men- 
tioned in the chairman’s original outline for dis- 
cussion. However, if the AIME, the educators, and 
the industry’s leaders believe that American- 
trained mining engineers will still be needed, 
then an effective program to attract students to 
mining engineering must be developed and imple- 
mented. The dedicated efforts made in this direction 
by the AIME and the WAAIME, the various coal 
organizations, schools, mining cempanies, and others 
have done no more than slow down the flow of 
students from mining to other engineering fields. 
In 1958 mining engineering undergraduate enroll- 
ment decreased to nearly half what it was in 1950 
(797 in 1958 vs 1512 in 1950). 

Is mining engineering a dead field? It is only if 
we think of it as personified by a booted young 
engineer riding his burro to an isolated property in 
the jungle, where he rules the camp with feudal 
power. Very few spots like this are left in the 
Western world, and they are disappearing fast—for 
most practical purposes we can assume they are 
gone and the “lord and master” mining engineer 
gone with them. 

But there are some who may take issue with this 
situation for our young mining engineers, so let us 
ask: 

Is mining engineering a dying field? There still 
exists, and will probably always will exist, a need 
for some classically and broadly trained mining 
engineers to run smaller properties. For these men 
mining engineering, as such, is not a dying field. 


by S. D. MICHAELSON 
Chief Engineer, Western Mining Div., Kennecott Copper Corp. 


But for the majority of mineral industry engineers 
the “dying field” classification comes close to actual 
fact. It will become so unless the training and 
practice of our average mineral industry engineer is 
severed from the wistful background of the 1890 
era of mining romance. Mining today’s low-grade 
deposits successfully calls for the same talents that 
are required to stay in business in any other highly 
competitive field—look at the abilities required in 
the competitive struggles between Ford and Chev- 
rolet, Belgian and American barbed wire, Japanese 
radios and Zenith or RCA radios. 

If the mineral industry educators and their 
friends merely sit around and tell each other how 
the rocket and space age sciences attract all the 
good students, and how fast the drop in mining 
enrollment is skidding them out of jobs, then 
mineral industry engineering—in the sense we have 
known it—is truly a dying profession. It is highly 
possible that many of us in the mining industry and 
in the institutions which serve mining are promoting 
an efficient use of a well-developed negative philo- 
sophy toward mining and its engineering. 

Now let us consider whether mining engineering 
(as the practice of all those forms of engineering 
used to exploit an orebody) is a dynamically live 
professional field. The answer is that it can be. Why? 
Because mining is basic to civilization’s needs. The 
following paragraphs from an address by John R. 
Bradfield, President, Noranda Mines, Canada, are 
quoted to show that mining is a growing business: 

The world today is in the midst of a tre- 
mendous population boom and people every- 
where are striving for higher living standards. 

If these trends continue, demand for base 

metals in the year 2000 could be about three 

times the average 1950-58 level. Since many of 

the present major deposits will be worked out 

during the next 40 years, all but a small 

percentage of this vastly increased demand 
would have to be supplied from ore deposits 

as yet undiscovered. Now I would not suggest 

that this projection of demand be taken 

seriously, but it does point up the fact that 
shortages of basic commodities may, in fact, 

be the major long range problem. 

It is, therefore, logical that the position of 
companies with large ore reserves, capable of 
producing base metals at low cost, will become 
increasingly favorable in the years ahead. At 
the same time there are marked growth possi- 
bilities for companies well organized to seek 
and develop new ore deposits. 

Training for Mineral Industry Engineers: Mining 
is going to be with us as one of the keystones of 
civilization for a long time to come. If this is so, 
some types of trained engineers are going to provide 
the technical help and direction that these mines 
will need. There is no reason why mineral industry 
engineers cannot provide much of this professional 
aid—as a matter of simple fact they are the 
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logical ones to do so, if they are _ properly 
trained. They may not be able to supply much of the 
highly specialized technology, but they can and 
should be able to furnish both the coordinating 
engineering to pull the various specialties together, 
and the direction and management of these skills 
and the enterprises that use them. 

Our schools are not now providing the kind of 
training needed by a young mineral industry engi- 
neer to fit him for valuable productive effort in a 
highly competitive mining business. Why not? In 
the interest of brevity, let us over-simplify answers 
to that important question: 

At school he learns some geology, some mine 
surveying, the difference between top slicing and 
open pit mining, and what a flotation cell should do. 
How well does this train him for a real job in a 
mining company today? 

If he goes into surveying, sampling, or mine lay- 
out work, he has had good vocational training and 
is probably well grounded as a technician. But 
remember that much, if not most, of this work is 
actually done by sub-professionals. Did he take 
mining engineering for this? 

If he goes into the engineering department of any 
but a small company, what will he be doing? He 
will be making comparative economic analyses and 
feasibility studies; preparing equipment specifica- 
tions and recommendations; working with purchas- 
ing, scheduling and estimating projects; and writing 
technical or nontechnical reports for others. In this 
last respect the need for report writing courses can 
not be stressed enough. Formerly, at one of the most 
prominent mining schools, several technical writing 
courses were required; now they are not. This school 
is going in the wrong direction. 

Each of these engineering fields is far more 
complex than surveying and sampling. What kind of 
financial engineering training did this student get 
in school? Does he know how to evaluate invest- 
ments and payouts? What does he know about 
mechanical and electrical equipment? Can he talk 
on his feet intelligently about sectionalizing 
breakers, rectifiers, supervisory controls, pneumatic 
instrumentation? Does he know anything about a 
digital computer? Can he help a mathematician 
program a computer on a mining problem? What 
does he know about operations research? Was he 
trained to write a clear, concise, grammatically cor- 
rect and presentable report or letter? If he has not 
been trained in all or most of these areas, he will 
probably lose out on promotion to a mechanical, 
electrical, or industrial engineer in a mining com- 
pany’s engineering department. 

There is no good reason why the properly and 
broadly trained mineral industry engineer should 
not be able to outpace most other types of engineers 
in a mining company engineering department. 

Suppose the young mining engineer goes into 
production work. Has he been trained enough in 
basic industrial engineering techniques to under- 
stand engineered work standards, wage administra- 
tion, force control techniques? Does he understand 
the fundamentals of business law, the principles of 
long-range planning or of budgeting for his particular 
work area? Has he been trained in the fundamentals 
of management skills—how to supervise, handle 
grievances, communicate ideas, and administer a 
suggestion system? Does he know anything about 
cost control and cost reporting? Does he understand 
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the art of public relations and the psychology of pub- 
lic opinion? He needs to know something about all 
these if he is to succeed in his first supervisory job. 
The writer has seen no American mining school 
catalogue that schedules very many courses in the 
areas described. 

A modern mineral industry engineering curri- 
culum should include some academic training in 
each of these fields. These are the tools that an 
engineer must learn to use effectively if he is going 
to get and hold a worth-while job and then advance 
in a progressive, competitive mining company. 
Mineral industry engineers well trained in these 
fields will have no trouble finding jobs at rates 
competitive with other engineering classifications. 

Opportunities for Properly Trained Mining Engi- 
neers: Major metal, metaliferrous, and nonmetallic 
mining companies are providing a major market for 
outside consulting help in nearly all the fields not 
adequately covered now by mining school courses. 
One of the chief problems in these companies is 
how to provide a common meeting ground, in 
language and understanding, between the mining 
engineer or executive and the consultants—whether 
they are mathematicians, programmers, instrumen- 
tation and control experts, industrial engineers, 
labor relations men, or other specialists. Is there no 
need for mineral industry engineers who could help 
bridge this gap? There is—in nearly every sizable 
mining organization. Many managements would be 
happy to find such men to fill these gaps and to 
ferret out additional areas in their mining businesses 
where the most modern tools of corporate manage- 
ment can save money and improve operations. 

American mining and mining service companies 
probably hire, in the aggregate, more than 3000 
young engineers each year. With only some 200 min- 
ing engineers graduated in 1958 and about 15 times 
that many being hired, it should be clear that 
ample opportunities exist for properly trained engi- 
neers in the mining and related industries. 

Many of these job openings are not just waiting 
to be filled by mining engineering applicants. Some 
employers are gun-shy of the kind of mining engi- 
neers who are job-hunting today because execu- 
tives have learned that most of these men are not 
very well trained in knowing and being able to use 
the valuable industrial arts so vital in today’s busi- 
ness activities. This shortcoming can be changed, 
but it will take much work and a little time to pull 
out of this hole we have dug for ourselves. 

How Educators Can Do a Better Job: The mining 
schools can start now by doing some radical surgery 
on their educational programs. This will not be easy 
to do or take, but mining engineering education is 
close to needing the kill or cure treatment. Here 
are some worth-while suggestions proposed by 
persons who have a sincere interest in the problem: 
1) Cut the descriptive courses to the bone, add 

training in the modern technical fields, and 
build up solid backgrounds in the communica- 
tion arts. This may make intensive five-year 
courses a must, and this does not mean five 
years of credit for miscellaneous courses, but 
a coordinated balanced program leading to one 
degree. 

Improve the teaching of mining by pulling the 
mining schools together into a few universities 
which can then operate with larger classes and 
stronger resources. Ultimately this will mean 
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Student enrollment in mining engineering. Courtesy of 
Philip J. Shenon, Stanford University. Sources: W. B. 
Plank: Enrollment Study of Colleges and Universities 
(MINING ENGINEERING, August 1951). Philip J. Shenon: 
Correspondence survey covering the mining student 
enrollment in 29 U. S. universities and mining schools 
for the academic years 1957-1958 and 1958-1959. 


sounder financial support from government, 
industry, and private citizens, and stronger 
faculties of men who have true stature in their 
fields of specialties. 

Develop an appealing public relations program 
to show that mining has attractive scientific 
frontiers to challenge younger men and that it 
need not occupy a place behind the other 
engineering fields. Is there any reason why in- 
dustrial, electrical, or mechanical engineering 
should dominate the appeal of the engineering 
profession in the public mind? There is plenty 
of material to build wonderful stories on how 
intriguing mining can be—undersea mining, 
fully automated mining, colossal strange 
machines like the wheel excavators. 


Closer Cooperation between Industry and Mining 
Education: If mining faculties would recognize that 
important abilities and knowledge are available to 
them from able retired engineers and younger engi- 
neers with proved records of major accomplishment, 
they could kill two birds with one stone. First, they 
could upgrade the quality and content of quite a 
few of their courses by using these men as part-time 
teachers in their fields of specialty and second, they 
would bring more realism into the classroom and 
help bridge the gap between theory and practice. It 
is difficult to believe that a student would not listen 
a little more intently to a man from industry who is 
a recognized authority in his field than he would to 
his teacher whom he sees nearly every day. Field 
trips under company sponsorship or encouragement 
can also help to sway students. There is some fasci- 
nating mining equipment to be seen in most plants. 

There is no better way to bring industry, school 
faculty, and student together in a cooperative at- 
mosphere. All three would gain. Industry would get 
to know its recruits, and the recruiting problems, 
firsthand. The faculty would gain in friendship, 
financial backing, and learning, and the student 
would start on a firmer basis when he graduates. 

Only if the educators and the industrialists of the 
mining industry team together to appraise the in- 
dustry’s educational needs, and the steps needed to 
change courses and combine or rearrange and 
strengthen the mining engineering educational 
facilities of the country, can the basic planning be 
done. The next step is for the educators to face up 
courageously to these needed changes and imple- 
ment them. After this is done, a well-planned and 
conducted public relations program will channel 
new students to a field where they can be nurtured 
and harvested effectively to benefit all concerned. 


MINING ENGINEERING— THE INDUSTRY AND THE UNIVERSITIES 


here is a tone of desperation in the topics under 

discussion in this symposium which is reflected 
by statistics of undergraduate enrollments both in 
the U.S. and Canada. That this tone does not prevail 
in other countries lends hope that the malady is a 
local one and amenable to correction, provided the 
symptoms are given candid recognition. 

Although the department this writer heads at the 
University of Toronto will graduate in 1960 some 
20 mining engineers at the Bachelor level, or 37 
pet of the entire Canadian crop from the seven 
universities with departments of mining engineer- 
ing, this is no cause for complacency. There are 
several disturbing factors in the employment pat- 
terns followed by the University’s mining engineer- 
ing graduates of recent years, factors also appear- 
ing in other areas that will be probed in the course 
of this discussion. 


by H. R. RICE 


Professor and Head, Department of Mining Engineering, University of Toronto 


Status: Something must be done to restore the 
professionally trained engineer to his proper share 
of status at the helm of industry, and where he is 
needed. This will probably be difficult to bring 
about, because so much ground has been lost and 
because a most diffuse condition is involved. For- 
tunately there are still enough mining engineers in 
high places to appreciate the points about to be 
made here and perhaps to do something about them. 

Over the past 20 years there has been a process 
in motion that has placed men other than mining 
engineers in top executive positions in the mineral 
industries. The professional groups most concerned 
in motion that has placed men other than mining 
accountants. The thesis to be presented here is that 
in view of the usual nature of their training and 
experience, the real welfare of the mineral indus- 
tries can be served only if these men work in full 
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partnership with mining engineers, sharing the re- 
sponsibility and reward. 

Geology, for example, is a discursive science, 
though by no means an exact one except in those 
narrower specialties which are based firmly in logic 
and argument. A result is that the geologist is more 
articulate than the engineer and is thus found to 
be more convincing, or plausible. 

Over the past quarter-century the mineral in- 
dustry on this continent has greatly emphasized 
the need for exploration. This has placed the geolo- 
gist—and properly so—in a prominent position in 
contact with entrepreneurs of the industry, and 
where his discursive abilities give him an advantage 
over the relatively inarticulate engineer, whose in- 
ability to use his native language stems from the 
inverted snobbery so sadly extant among our young 
engineering students. 

If all other things were equal, there would be 
no particular quarrel with this development, but 
unfortunately they are not. Mineral production, 
and indeed the complete and reliable evaluation of 
mineral discovery, requires a more precise knowl- 
edge and more exacting discipline in engineering 
principles than can normally be expected of the 
geologist, if he is the scientist he should be. 

Recently a prominent Canadian mining news- 
paper published an item, based on a private report 
from a geologist whose probity is without question, 
concerning the preliminary exploration of an im- 
portant mineral discovery in Canada. However 
properly this report recommended a program of 
shaft sinking and underground development, a 
protest is in order when it indicates several mil- 
lion tons of ore to four significant figures, grades of 
contained metals to two decimal places of 1 pct, 
and “gross values” and “operating profits” to five 
significant figures. Some day a mining engineer will 
be appointed manager of that mine and will be ex- 
pected to make good the precise predictions arising 
from anything but precise suppositions. 

The need for an engineering approach in the 
early stages of mineral discovery, and most em- 
phatically in the later construction and production 
stages, becomes more acute as another aspect of 
mineral industry is revealed. As production turns 
more and more toward lower-grade ores, economic 
margins are increasingly important. The narrow 
areas of decision implied in these conditions are 
best treated by men of sound engineering training 
and operating experience, if large capital losses are 
to be averted. 

All this is not to say that the geologist should 
not be where he is by virtue of his role in mineral 
discovery, but at least he should have the properly 
trained and disciplined mining engineer in full 
partnership. 

Security: Many mineral industry employers who 
come to our campuses in search of recruits com- 
plain that “all these young men think of nowadays 
is security, pension plans, and the possibility of 
imminent marriage.” Such statements do nothing 
but beg a very large question. 

However much we regret the materialism of the 
rising generation, born in the prosperity of war and 
never having known economic depression, it must 
be recognized that these young men possess a cer- 
tain economic wisdom with which we must some- 
how come to terms. They are quick to see manifes- 
tations of weakness in the profession of mining en- 
gineering today and to make their own adjustments 
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—all too often in directions altogether away from 
the industry they have been equipped to serve. 

In other industries, and in a few of the largest 
units of some mineral industries, employers have 
come to accept the preoccupation of almost all 
people with economic security, and they offer vari- 
ous security schemes as part of a competitive price 
for the services of young engineers. Realizing that 
more than monetary security is involved, they evi- 
dence strong interest in the professional develop- 
ment of the engineer-recruit by establishing well- 
organized training schemes and orientation pro- 
grams. This contrasts with one recent instance at 
the University of Toronto, when a divisional mana- 
ger of a large mining company could not answer a 
student who asked him how many graduate engi- 
neers were employed in his division. 

To return to pension schemes as a partial answer, 
it is admitted that they would be difficult to apply 
on a company-wide basis, for much of our aggre- 
gate mineral production comes from mines that are 
short lived and modest in size. But is is worth 
while to consider briefly some of the effects that 
might arise from an imaginative industry-wide 
portable pension scheme, to include associated 
benefits that would embrace all technologists in 
large and small units alike, regardless of length of 
service with any particular employer. It should be 
pointed out here that other industries are taking 
a hard look at portable pension schemes. Even the 
principles underlying pension plans are being re- 
examined, and there is a growing belief that pen- 
sions are not a gratuitous reward for long service 
but are, instead, deferred compensation for all 
service. 

In the first place, the pension plan would add 
to the engineer’s mobility by removing one of the 
most frequent of the economic barriers that lie in 
the way of young men—and older men—when op- 
portunity beckons, particularly when they happen 
to be employed by large, long-lived organizations. 
Mobility fosters competition and interest, and this 
in turn would help distribute experience more 
widely. Our mines would benefit from better service 
from a keener corps of engineers. 

Secondly, to whatever extent such a plan pro- 
moted a sense of independence among the partici- 





pants, employers would enter competition of 
another kind and would not be so ready to relegate 
engineers to jobs that could be as well done by 
graduates of mining trade schools. In the opinion of 
many, this has caused great waste in the past. The 
general industry would benefit, for as equities 
built up, men would be less likely to leave it for 
some other occupation. 

Perhaps this aspect of competition would mean 
greater natural selection among applicants, and a 
closer matching of incentives and rewards with 
real services rendered. It may even be found, as 
some of us suspect, that the industry does not need 
sO Many engineers, but can get along with techni- 
cians from mining trade schools. A process of 
natural selection would eliminate employes of 
mediocre ability; on the other hand, the individual 
employer would be less likely to let monetary 
considerations stand in the way of keeping the 
gifted man. 

Our young students see much in their periods of 
summer employment, including a great many in- 
stances of the relative material aristocracy of the 
competent rock-breaker even over the middle 
echelons of staff. Also, while engaged in such dull 
work as cleaning track, they see many trained 
graduate engineers in routine unimaginative oc- 
cupations. 


The Industry and the Universities: Mining depart- 
ments in the universities accept considerable re- 
sponsibility in the whole situation and, with a few 
possible exceptions, are continually in the position 


ENCOURAGING YOUNG MEN INTO 


n the bituminous coal fields, the past few years 
have seen advances in technology and mechaniza- 
tion. This requires less manpower. We are in the 
peculiar position of expanding facilities and increas- 
ing production with fewer men than ever before. 
Open pit and auger methods of coal mining have 
been expanded until today about 30 pct of all the 
bituminous coal extracted in the U. S. is mined 
without sinking a shaft. 

At open pit mines, there are very few jobs strictly 
for mining engineers. There are jobs for civil engi- 
neers to build the several hundred miles of haulage 
roads, mechanical engineers to design, build, and 
maintain the large units of mining equipment, and 
electrical engineers to solve the many technical 
problems involved in supplying mobile equipment 
with 7200 v of power. 

In the bituminous fields production has been se- 
verely curtailed. In the anthracite coal regions there 
is now a surplus of capable mining engineers whose 
education and experience are being wasted on other 
jobs. It is academic, then, to assume that intelligent 
young men in these coal mining regions are going to 


of having to fight battles on two fronts. We try to 
recognize the real needs of the industry for young 
graduates equipped to find their way about in sev- 
eral rather diverse academic disciplines, and so 
frequently find ourselves in conflict with growing 
trends within our institutions toward specialization. 
This particular battle calls for more direct encour- 
agement and material assistance from industry in 
the way of grants for research staffs and scholar- 
ships in several important fields specifically related 
to the long-term welfare and economics of the 
mineral industry. These amounts need not be large, 
as compared with the relatively fantastic sums re- 
ceived by other departments in universities from 
their corresponding industries and agencies. But we 
have real needs for increased staffs, more research 
equipment, and both undergraduate and graduate 
student assistance. Within universities, such needs 
are usually measured by numbers of students. In 
this context, our need in the universities can be 
translated directly as the real need of the industry, 
if it could only be seen. And it may well be asked: 
Where can real research be done more cheaply? 

A good deal of our time and energy is taken up 
in trying to interest high school students in pursu- 
ing mining careers. Whatever success we may gain 
there must be maintained against the competitive 
conditions initiated by engineer-employers in other 
fields. 

The profession as we have known it, and indeed 
the continued usefulness of institutions like the 
AIME, may well depend on positive answers to the 
questions raised in this discussion. 


MINING ENGINEERING 


by JAMES D. REILLY 
Vice President of Operations, Hanna Coal Co., Ohio 





decide in the affirmative when the question of en- 
tering the mining engineering profession is presented 
to them. 

Too, we have at least one more deterrent to enter- 
ing the mining engineering field. Today the attrac- 
tive jobs are in the fields of physics, advanced 
chemistry, and electronics. From these degrees, it is 
only a step or two to the moon and beyond. Rocket 
thrust, fuels, and robot controls have taken the place 
of striking it rich in a mineral vein underground. 
We must regain the dignity and success of the miner. 

Consider the competition the young mining engi- 
neer has to face today. Many men, with little formal 
education, have risen to the top because they have 
an instinctive drive. Many took correspondence 
courses; others studied at night. Regardless of how 
they acquired their knowledge, today they are real 
competitors for the various management jobs at our 
mines. 

At Hanna Coal Co., in positions ranging from top 
management to department heads and below, there 
are 23 graduate engineers. But, in positions covering 
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similar jobs, there are 50 self-trained men who have 
the necessary skill, training, and experience to hold 
important management positions. 

So much for the negative side of this question. 
Now consider the more positive aspects. 

There is no doubt that at the first sign of a real 
shortage of qualified mining engineers, both the fi- 
nancial reward and the dignity of the profession 
will ascend to the place where more competent stu- 
dents will enter the field in vast numbers. It is of 
greater concern, however, that when the shortage 
actually occurs there will not be adequate facilities 
or sufficiently trained and educated staffs. At many 
colleges of mining engineering, professors now out- 
number the graduating classes. With education costs 
rising so rapidly, university administrators cannot 
allow such inadequacies to continue. When the time 
comes that mining industry needs such men to teach 
our fledging engineers, where will they be? 

Because of its geographic location in eastern Ohio, 
Hanna Coal Co. has employes from at least 26 small 
and medium-sized towns in the area. At three of 
these area high schools the company has instituted 
and is supporting mining classes. The first such class 
was started in 1945 with 32 students. Also, the com- 
pany supplies a practical mining man who is an edu- 
cator for liaison work for these classes. 

During their course of instruction, these students 
make trips underground at the Hanna coal mines to 
observe first-hand how the knowledge they are ac- 
quiring in class is put to use at the face. The mining 
class instructor is given preferential treatment for 
summer jobs in the mines. This has become a prac- 
tice so that the instructor can keep abreast with the 
rapidly changing technology of underground mines. 

If in these classes there are exceptional students 
who sincerely want to become mining engineers, the 
company gives them encouragement, offering a lim- 
ited number of scholarships and providing summer 
work when financing an education has been a 
problem. 


However, on a national scale, the school-experi- 
ence program instituted recently at Pennsylvania 
State University is one that will help us achieve 
our goal. It is the writer’s conviction that most min- 
ing engineering colleges should adopt a similar plan. 
The yearly college training-experience program 
should be divided into six months of formal training 
in school, five months of real experience at the mines, 
and one month of vacation. The words real experi- 
ence should be emphasized. The student should not 
be an aid to the engineer doing detail work or out 
taking coal samples. He should be down at the face 
getting his hands dirty if necessary, but he should be 
in on the planning and management problems too. 
It is the man who has the engineering background 
plus that accumulated in the school of experience 
who will be the fully rounded man we need to han- 
dle complex management problems. 

Mining colleges should offer: 1) more courses in 
electrical engineering, with emphasis on the practi- 
cal application of electricity; 2) more courses in fluid 
mechanics and hydraulics; 3) courses in practical 
application of hydraulics; and 4) a program of lec- 
tures by mining executives on the practical aspects 
of mining engineering. 

In the early stages of a student’s training pro- 
gram, management should be able to gain an insight 
into his character and make-up and be able to as- 
certain whether or not he would make a good min- 
ing man. In fact, the student himself should learn 
whether or not he has that quality known as pit 
sense. Some persons quickly feel at home under- 
ground; others never develop the ability to take care 
of themselves or others. This soon shows whether or 
not a man is in the right field. 

It is to be hoped that every mining engineer will 
have the desire to go into management. What does 
the word management mean? It means the ability 
to employ his talents in many different fields. 
Trained in one, he must have the ability to command 
in many. 


DISCUSSION 


S. J. Hubbard (a 1959 mining engineering gradu- 
ate)—Industry should work more closely with min- 
ing professors. With the radical changes taking place 
in the mining industry and industry’s growing dis- 
satisfaction with the caliber of education offered 
the mining engineer, mining executives should 
arrange to meet regularly with educators to formu- 
late, and revise when necessary, a program for 
students that will be satisfactory to both parties. 

Since academic changes do not occur overnight, 
industry could help in the training of engineers by 
offering a wider range of summer jobs. If mining 
companies could hire inexperienced undergraduates 
for their technical departments, rather than just 
offering laborer’s jobs, the dividends they would 
receive in molding a better-trained engineer might 
more than outweigh the temporary disadvantages. 

The universities have been lax in their sum- 
mer programs. In many universities the summer 
school program now available to students who want 
to take supplementary courses is extremely limited. 
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Most of the courses offered are lower-level courses 
that are taught primarily for students who have 
failed them previously. Should summer school pro- 
grams be aimed for the playboys or for the students 
who desire a little more than just the necessary 
requirements? 

Much the same problem holds true for the night 
school set-up. It is practically impossible to take 
any advanced technical courses in night school. This 
means that a person desiring more technical train- 
ing after college graduation must stop working and 
return to college as a day student. This often proves 
impossible. In some cases industry might be able to 
allow its selected employes time off during the day 
or put them on night shift work to permit them to 
take certain approved courses. The inconvenience 
to the company would more than be made up by 
having better-educated personnel. 

A five-year program in mining engineering might 
eliminate the need for many additional summer 





courses, but before a program of this type can be 
started much public indoctrination will be needed. 
“Why should my son go to school for five years to 
become a mining engineer when he can go to school 
for four years and become a chemical engineer and 
make as much or more money besides?” The public 
must be informed that this extra year of schooling, 
along with its added cost, will make a top-notch 
engineer capable of demanding and receiving a top 
salary in a challenging position. 

Many students shy away from the mining profes- 
sion because they feel that all mines are “located 
out in the middle of nowhere.” Education of the 
public through better publicity would help here. 
Prospective mining engineers should be informed 
that many mines are near large population centers. 
They should also realize that somecne with a well- 
rounded education would not necessarily have to 
work at a mine but could work in a main office 
away from the mine. 

The starting salary for mining engineers is 
said to be generally below that for all other engi- 
neers, This is not a fact; nevertheless this miscon- 
ception discourages still more engineers from enter- 
ing the mining profession. 

C. H. Burgess (Bear Creek Mining Co.)—To dis- 
agree with a previous suggestion, expansion of 
courses for the mining engineer would require a 
student to go to a large school. Also, it is irrelevant 
that tele-communications, for example, pays more 
than mining. If you are considering this as a prob- 
lem, you must first obtain all beginning salaries, 
then subsequent salaries. Naturally, a man with 
more training will cost you more. Do you want a 
specialist or a “jack of all trades?” 

Julian Feiss (Kennecott Copper Corp.)—We have 
been talking about well-educated men in every 
activity. Implications in the past have down-graded 
mining. Do we need general education rather than 
specialization? The engineer must start on a broad 
base of education. Take for instance, a medical 
student—first he generalizes, then he specializes. 
Our difficulty is in selling ourselves to the young 
men of today. They are thinking big; so must we. 

L. J. Parkinson (Colorado School of Mines)—In 
Colorado there is no problem in so far as under- 
graduate or graduate students are concerned; rela- 
tions with mining companies in the West and East 
are most happy. Registration in mining engineering 
in 1953 was 106—17 pct of the student body—and 
today is 197, a 14.3 pct increase per year; 18.2 pct 
of all the students enrolled in the minerals in- 
dustry. Of 300 graduates in mining engineering 65 
pet are in the mining business. Present seniors have 
received 86 job offers from 45 mining companies, at 
salaries averaging $511 per month. 

R. G. K. Morrison (McGill University )}—With the 
exception of Colorado, the problem is a shortage of 
students in mining engineering. Is the educational 
course adequate? Are we offering enough to young 
men of the present generation? Is there enough 
distinction between a metailurgist, mechanical en- 
gineer, etc., and a mining engineer for basic train- 
ing of all engineers to be possible? McGill is giving 
thought to this. It is likely that there would still be 
mining engineers if there were no technical men 
whatsoever. The best would survive. The education 
we produce is broad and is adequate to permit the 
individual to fit himself. The university gives stu- 
dents the fundamentals to carry on their education. 


What is the measure of the efficiency of any opera- 
tion? It is the number of competent people capable 
of judging. The outlook of mining engineers today 
fills the requirements of industry. 


Ernest M. Spokes (University of Kentucky )— 
There is poor publicity from the mining industry 
among mining engineering students. Industry does 
not advertise for mining engineers; if employers 
need mining engineers they write directly to the 
college. Industry does not interview on campus for 
mining engineers. The recruiting system is very 
poor. Therefore men go into the other fields that 
are more publicized. 

Claude O. Dale (Eagle Picher Co.)—We need 
more opportunities. The young people of today 
think more in terms of advancement when looking 
for a position, and not in terms of salary. We need 
better placement of men in companies (even during 
lay-off periods). Industry should send men to more 
seminars and courses offered at various schools; we 
need proper training in business and finance. 

Louis Panek (U. S. Bureau of Mines)—What is 
the reason for the existence of a mining engineer? 
He is just an industrial engineer with a mining 
background. Production is the bread and butter for 
all engineering. This is true in electrical and me- 
chanical engineering. Without exploration, there will 
be no mineral deposits to go on. We are not putting 
that idea into practice. 

Ideas must be developed through research. Who 
is doing this in mining today? What should we do 
research on? Mining breaks down materials and re- 
moves them. 

We must maintain stability in open pit and/or 
underground mining. Then comes rock mechanics. 
Future efforts in mining must have purpose and di- 
rection, and research must come up with the ideas. 
We must blaze new trails. Schools are not doing 
enough on this; industry is doing almost nothing. 
The industry puts nothing into research in compari- 
son with electrical and mechanical engineering. 

David R. Mitchell (Pennsylvania State Univer- 
sity)—Penn State has an enrollment problem be- 
cause the mining industry is not getting us students. 
Government agencies also are not doing their job. 
We need an educational panel, graduate and under- 
graduate, to promote research. We should employ 
students on the undergraduate level on these re- 
search projects. We must promote government aid 
to education in mining. Industry must use its in- 
fluence in federal, state, and down-the-line aid. 
There are jobs for graduates with two years of 
experience at $10,000 a year. The jobs are there; 
adopt a program in which you do some things other 
organizations do. 

C. M. Brinckerhoff (The Anaconda Co.)—The 
alumni should be canvassed for suggestions on 
change of courses in curriculum for next year and 
the outcome should be reported. 

Ruth (Mrs. Harry F.) Lawrence (Secondary 
School Council and Guidance of the WAAIME)— 
Members of the WAAIME have gone out to the 
schools and found students and taken them to the 
universities for one week to familiarize them with 
college life and have taken them to industries for 
first-hand pictures of what various fields have to 
offer. They have had wonderful response and en- 
thusiasm. 


Roger V. Pierce (Consultant, Salt Lake City) — 
Start the program by backing one good school 
close to industry—Butte, Mont.—as an experiment. 
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DREDGING WITHIN THE LAW 


by ROBERT P. PORTER, RICHARD B. PORTER, and ROBERT A. LOTHROP 


hanges became necessary in dredging methods 
ene seth in Idaho through passage of the Dredge 
Mining Protective Act (1954). Among other provi- 
sions, the law requires dredge operators to construct 
settling ponds of sufficient capacity and character 
to reasonably clarify the water used in the mining 


process before such water is discharged into the 
stream. 

Porter Bros. Corp., a placer mining company with 
many years operating experience in Oregon and 
Montana, became interested in strategic mineral 
placers in Idaho in 1950 when it was learned that 
prospectors had discovered a radioactive mineral de- 
posit in Bear Valley Creek, 95 miles northeast of 
Boise. The company acquired mining leases and 
proceeded with exploration and development work 
on the property. After extensive research had re- 
sulted in the determination of successful separation 
processes, contracts were negotiated with the federal 
government and deliveries of columbium-tantalum 
and uranium concentrates commenced in 1956. 

The mining operations are located in a primitive 
area of Idaho among salmon spawning grounds 
and crystal-clear mountain trout streams. To avoid 
involvement in a very controversial issue, it ap- 
peared advisable for the company to develop water 
treatment procedures exceeding those requirements 
stated in the Idaho Dredge Mining Protective Act. 

Operation: The company operates one 6 cu ft con- 
tinuous bucketline dredge and one 4% cu ft continu- 
ous bucketline dredge on the property. The dredges 
are jig-equipped, with feed being screened to % 
in. by trommels. 

The screening and gravity concentration methods 
satisfactorily separate the heavy minerals from 
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companion clays, sand, and gravel. However, this 
separation of the heavy minerals requires water 
from the dredge pond with a minimum content of 
silt and colloids; therefore, water for dilution is 
added continuously to the dredge pond to suppress 
solids buildup. Discharge of this highly turbid water 
to maintain the proper pond level would ultimately 
result in an excessive silt load in Bear Valley Creek. 

To prohibit the turbid pond water from flowing 
directly into Bear Valley Creek, it was necessary to 
isolate the dredging area. Main by-pass canals were 
constructed along each side of the dredge pond and 
numerous secondary canals were dug for diverting 
seepage and snow runoff. One by-pass canal, extend- 
ing more than two miles along the west side of the 
valley, diverts the main stream as well as tributar- 
ies entering from the west; a canal east of the dredge 
area diverts streams entering from that direction. 

At the beginning of operations in 1956, the dredge 
pond effluent was filtered through tailings and set- 
tled by use of coagulents in a series of lagoons. The 
filtrate was then discharged directly into the stream. 
Although this procedure gave satisfactory results in 
conformance with the state law, ice buildup and 
lagoon freezing hindered the efficiency of the process 
during periods of low temperature. For this reason, 
testing began in 1956 on a water treatment process 
that would operate efficiently under the extreme 
weather conditions encountered in Bear Valley. 

Development of Water Treatment System: Porter 
Bros. Corp. established the following requirements 
for effective continuous treatment of dredge pond 
effluent to the stream which, at low flow conditions, 
effluent to the stream which, at low flow conditions, 
would not result in a turbidity exceeding 25 ppm in 
the stream, 2) produce a sludge sufficiently dense to 
minimize disposal area requirements, 3) be semi- 
portable to follow dredge movements, 4) be cap- 
able of operating at low temperatures, and 5) be 
capable of handling a variety of capacities and 
turbidities. 





Several hundred sedimentation and flocculation 
tests were conducted at the University of Washing- 
ton by Mr. Robert O. Sylvester and Mr. Dale A. Carl- 
son to determine the most efficient reagents, equip- 
ment, and methods for treating the dredge effluent. 
To approximate water temperatures encountered in 
Bear Valley, most of the tests were performed in 
a cold room at 34°F. It was shown that the discharge 
from the dredge pond could effectively settled by 
use of Separan 2610, a product of Dow Chemical Co., 
as the flocculant and sulfuric acid as the electrolyte. 
A combination of ten parts acid to one part Separan 
would promote floc formation within 30 seconds. At 
the conclusion of the tests a treatment system was 
designed which, except for minor variations, em- 
ploys the basic procedures and reagents suggested 
by their investigations. 

Treatment System Components: The system con- 
sists of two main components: a highly efficient, 
semi-portable treatment unit and an appropriate 
sludge storage area. 

Two rectangular steel settling tanks were selected 
for the basic treatment unit. Each tank is 50 ft long, 
15 ft wide, and 11 ft high with three removable hop- 
per sections attached to one end. The tanks were 
set in line with the hoppers facing a 24 ft x 15 ft sec- 
tion housing the controls, pumps, and furnace. The 
entire unit is covered by a semi-circular roof and 
is insulated with glass wool covered by corrugated 
sheet steel. A continuous chain equipped with 2 in. x 
6 in. redwood flights spaced 5 ft apart and traveling 
at a variable rate of 2 to 5 fpm moves the sludge to 
the hopper end of the tanks from which it is ulti- 
mately transported to storage areas. 

Sludge storage areas were prepared above the 
water table by building enclosure dikes while 
leveling dredge tailings. These areas must be large 
enough to accommodate several hundred cubic 
yards of solids per day. Since air-drying of sludge 
reduces mud volume to a minimum with consequent 
extrusion of clear water, such water recovery is ac- 
celerated through the alternate use of several sludge 
ponds instead of only one pond. 

Treatment Process: Water from the dredge pond 
is continuously pumped through an 8 in. pipe to a 
point 200 ft from the treatment plant. Here the pipe 
size is increased to 10 in. to reduce flow-rate for the 
efficient mixing of reagents. 66° Baumé sulfuric acid 
is fed into the pipeline 100 ft from the tanks by a 
positive displacement proportioning pump with the 
Separan solution being introduced within a few feet 


Tailings being leveled during construction of sludge 
storage area. 44% cu ft dredge may be seen in background. 


Exterior view of treatment tanks during construction. 


of the treatment unit. The 0.1 pct Separan solution, 
previously prepared in a 600 gal tank using com- 
pressed air for agitation, is further diluted to 0.01 
pet in an air-activated proportioning pump which 
delivers it directly into the pipeline. 

After floc formation and coalescence has occurred 
in the 10 in. pipe, the dredge pond effluent enters 
the tanks at the hopper end and passes under a verti- 
cal baffle which extends to within 5 ft of the base. 
Sludge depth is maintained at a height somewhat 
above the baffle bottoms so that all new material 
enters beneath a mud blanket which acts as a filter 
for rising clear water. The clarified water is then 
drawn off the tanks at a rate which will maintain 
proper sludge depth and is discharged either into 
the stream or recycled back to the dredge pond. 

The large volume of sludge produced by the unit 
is pumped by a rubber-lined sand pump through a 
6 in. plastic pipe to storage areas. Sufficient compac- 
tion of the sludge will have occurred within two 
hours to permit removal of 50 to 70 pct of the original 
volume as clear effluent. Further compaction will 
take place if the sludge is allowed to stand for 
longer periods, although the rate of compaction de- 
creases rapidly after 1% hours. The clear water from 
these sludge ponds, like the processed water from 
the treatment unit, can be either recycled or dis- 
charged into the stream. 

Recycling of all filtered water results in a con- 
siderable saving of reagents. Separan consumption 
has been reduced from 80 lb per day to 5 lb per day. 

However, acid requirement has been decreased 
by only 50 pct because a pH of 6 or higher must be 
maintained in the dredge pond to minimize corrosion 
of the steel dredge pontoons. Pond acidity is de- 
creased by replacing the removed mud volume with 
makeup water and, if necessary, by periodic addi- 
tion of lime. 

Separan requirements are directly proportional to 
the solids content which, in turn, is a function of the 
specific gravity. Acidity of the treatment plant in- 
flow must be maintained within a pH of 3 to 5 for 
efficient flocculation; therefore, the rate of reagent 
addition is easily determined by periodic checks of 
specific gravity and pH. 

Porter Bros. Corp.’s requirements for a water 
treatment process have been successfully fulfilled 
since the initiation of the present system. The water 
in Bear Valley Creek has been kept crystal-clear, 
and the beauty of the downstream fishing grounds 
has been preserved. 
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AGE OF COEUR D’ALENE MINERALIZATION: 
AN ISOTOPIC STUDY 


by A. SILVERMAN, A. LONG, AND J. L. KULP 


Discussion of 


THE GEM STOCKS AND ADJACENT OREBODIES, COEUR D'ALENE DISTRICT, IDAHO 


arth Crosby has written an excellent geologic 

description of the deposits surrounding the Gem 
stocks in the Coeur d’Alene district. The ore de- 
posits in the area cf the Gem stocks may hold the 
key to the age and mineralization history of the 
entire Coeur d’Alene district. 


A recent isotopic study” of the Coeur d’Alene 
district in this laboratory illustrates that a classical 
geologic interpretation of these deposits, with its 
implications for the whole district, may lead to 
erroneous conclusions. For this reason it seems 
pertinent to submit a summary of these results and 
an interpretation of the mineralizing history of the 
Coeur d’Alene districts. 

Pitchblende from the Sunshine mine has been 
dated as 1100-1200 million years (m.y.) by Kerr and 
Kulp," and Eckelmann and Kulp.” This pitch- 
blende is known to predate the major sulphide in- 
troduction in the Sunshine mine, but it clearly fol- 
lows the metamorphism and folding of the Belt 
Series. Recently, Goldich (personal communication) 
dated sericite from the Belt rocks as 1200 m.y. by 
the potassium—argon method. This date establishes 
a minimum Belt age if the sericite is of metamorphic 
origin and a maximum age if detrital. The Belt 
Series, therefore, is not latest Precambrian. 

Lead isotope ratios of galenas have been measured 
and model ages calculated by Bate, et al” for the 
Sunshine mine, Farquhar and Cumming” for the 
Bunker Hill and Sullivan mine, and Cannon” for a 
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few other deposits in the district. Galenas from simi- 
lar deposits in Southern British Columbia have been 
measured by Bate, et al,” Farquhar and Cumming," 
and Wanless and Leech.” 

The new work in this laboratory includes leads 
from ten widely scattered mines north and south of 
the Osburn fault, and through a vertical distance 
of over 5000 ft (Star mine). Included in this group 
are the Hercules, Sunset, and Mountain Goat mines, 
which are adjacent to the Gem stocks. In addition, 
galenas from stringers which cut the Gem stocks in 
the Success and Sunrise mines and the Hercules 
hanging wall dike in the lower western portion of the 
Hercules mine, were included in the study. 

All of the above leads, except one, give model 
ages of 1300-1400 m.y. for the time of segregation 
from the parent material. The concordance of the 
common lead and U-Pb ages, the great horizontal 
and vertical uniformity of the lead ratios, the sul- 
phur ratios of two Sunshine mine galenas and three 
galenas from the Edith, Page, and Hercules mines 
indicating average crustal sulphur, and the U™/Pb™ 
ratio inferred for the original lead enviror:ment, in- 
dicate that the entire mineralization of the Coeur 
d’Alene-British Columbia base metal belt was de- 
rived from a deep source and emplaced in the Pre- 
cambrian. 

One sample of galena from sulphide stringers 
cutting the North Gem stock at the Sunrise Prospect 
mine gave a modern (i.e., Tertiary) lead ratio. This 
mine is located at the northern tip of the stock. The 
presence of modern lead suggests mobilization of 
some rock lead during the intrusion of the Gem 
stocks and their outliers. Larsen et al.” have dated 
the Gem stocks as Tertiary by the lead alpha method. 
If Coeur d’Alene mineralization was genetically 
related to Tertiary magma formation and intrusion 





in the Idaho-British Columbia area, all the leads 
should have modern, or at least intermediate, ratios. 
This is obviously not the case. 

It is important to emphasize that Piper’s study” 
clearly indicates that almost all the deposits lie out- 
side the contact metamorphic halo of the Gem stocks. 
Two mines, the Success and the lower western part 
of the Hercules, where “contact metamorphic type” 
characteristics in mineral species and form are 
dominant, are intimately associated with silicic 
dikes of apparently pre-ore and post-ore age. Where 
the Hercules hanging wall dike, in the lower western 
part of the Hercules mine, terminates, the intensity 
and structure of the mineralization change to those 
typified by hypothermal deposits. The absolute ages 
of these dikes are unknown and may be Precambrian. 
An attempt by our group to date the Hercules dike 
was prohibited by the paucity of mica in the samples; 
however, the project may still be completed on new 
material. 

The recent observation by Crosby that the main 
mass of monzonite cuts ore in a stope of the Success 
mine establishes the pre-stock age of the ore in one 
important orebody. It must be assumed that Crosby’s 
reason for suggesting contemporaneous crystalliza- 
tion of monzonite stringers and sulphide in another 
part of the same stope was based on failure to ob- 
serve cross-cutting relations. However, the simul- 
taneous crystallization of monzonite and sulphide 
in distinct bodies within the same confined area, is 
highly improbable. There is no evidence that major 
ore was emplaced after the main mass of monzonite. 
Minor veins of ore which cut the monzonite may only 
indicate remobilization of previously deposited 
sulphides by the thermal effects of the monzonite 
intrusion. Sulphide in small stringers cutting the 
Hercules dike and Gem stocks have lead isotopic 
compositions consistent with the main mass of ore 
in the district, thus pointing again to local remobili- 
zation. Crosby also concludes, on observational evi- 
dence, that the sulphide stringers cutting the Her- 
cules dike are post-dike. Local remobilization is also 
consistent with Waldschmidt’s” observations in the 
Star Mine. 

Based on consideration of the isotope data, it is 
most likely that the entire northern Idaho-British 
Columbia base metal belt was mineralized at the 
same time. Although the isotopic data available at 
present indicate that mineralization was of Precam- 
brian age, the Gem stocks area presents geologic re- 
lations which may be in conflict with this thesis. 
Work is presently being completed on potassium- 
argon dating of early hydrothermal biotite from the 
Frisco mine. Although these data are not now avail- 
able, it may still be fruitful to speculate on the re- 
sults and consequent interpretation of the mineral- 
izing history of the area. 

A Precambrian age for the Frisco mine biotite 
establishes the age of the Coeur d’Alene ores. The 
intrusion of Tertiary magma, controlled by Pre- 
cambrian structures, to form stocks and dikes would 
be unrelated to ore deposition save for local re- 
mobilization. The contact metamorphic and hypo- 
thermal type ores would be the product of high 
temperatures of, and metasomatism by, the ore 
solutions. Kullerud” has recently ascribed tempera- 
tures of around 500°C to ores of a mesothermal type 
in the Breckenridge district, indicating that ore 
deposition may take place at temperatures well 
above what is predicted in classical hydrothermal 
theory. Several Mexican deposits (e.g. the Naica 


deposit as described by Bassett™) show intense sili- 
cation in wallrock and ore, but are spatially far re- 
moved from intrusives. 

The only other expected age for the biotite is 
Laramide. Any intermediate age could be derived 
by argon loss from older (Precambrian?) biotite. 
Biotite and related sulphide mineralization of Lara- 
mide age impose a complex history of mineraliza- 
tion. The ores, however, could not be genetically 
related to the intrusives (i.e., derived directly from 
the intrusives) regardless of a Laramide age. 

Tertiary mineralization would necessitate a Pre- 
cambrian segregation of lead from its source. This 
lead must then be introduced into a low U-Th 
crustal environment, in order that contamination 
by more radiogenic lead would be a minimum. It 
is difficult to postulate a crustal environment that 
would not measurably change the lead ratios during 
approximately 1300 m.y. One possibility is that the 
lead was deposited in a relatively confined volume 
as previously existing ore deposits. The Laramide 
orogeny would have to remobilize, transport, and 
emplace the lead without contamination from rock 
leads of the surrounding area. This would be im- 
probable for lead disseminated throughout a great 
volume of crust. The Precambrian lead ratios could 
remain unchanged if the lead of previously existing 
ore deposits was remobilized during the Laramide 
and moved rapidly through the crust along pro- 
nounced structures to its present position. Tugarinov 
(private communication) appears to have found 
lead in the Urals with a similar history. This process 
may present some ambiguity in the interpretation 
of lead isotopes alone. Nevertheless, if the absolute 
age of mineralization may be determined inde- 
pendently, and geological relations are clearly un- 
derstood, these data provide a powerful insight into 
the mechanism of ore deposition and origin of the 
ore in a given area. 

The authors wish to express their sincere apprecia- 
tion to Mr. Crosby for helping with sample pro- 
curement and generously providing geological in- 
formation. 


Editor's Note—The author, Garth M. Crosby, is in cor- 
respondence with A. Silverman, A. Long, and J. L. Kulp. 
His response has not been prepared at this time. 
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A-C POWER DISTRIBUTION FOR 
UNDERGROUND MINING 


by WILL B. JAMISON 


an’s material advance from one level of civili- 
M zation to the next has involved the development 
of new, more useful tools and the utilization of 
energy greater than he alone could produce. These 
two essentials for material progress have developed 
at an ever increasing rate in the last century. While 
the first really successful use of mechanical energy 
derived from burning fuel was in James Watt’s 
steam engine which pumped water from coal mines 
in Cornwall about 1770, there was still very little 
use of mechanical energy in mining by 1900 except 
for pumping and hoisting. Compressed air, having 
some of the characteristics of steam and which 
operated engines not unlike steam engines or steam 
hammers, powered the first attempts to mine coal 
with energy greater than human muscle could pro- 
vide. 

When direct current-powered traction cars re- 
placed horse-drawn transportation cars on city 
streets, it was natural that direct current locomotives 
should begin to replace animal and human power in 
mine haulage. Slowly, trolley and battery locomo- 
tives were developed and introduced. With d-c 
systems being established for haulage, it was natural 
that improved cutting machines should be developed 
and powered by d-c motors. Thus began the years of 





Upper right: Surface substation. W. B. JAMISON, Member AIME, is a Consulting Mining Engi- 
neer, Greensburg, Pa. TP 59F106. Manuscript, April 20, 1959. San 
Lower left: Load center in coal mine. Francisco Meeting, February 1959. AIME Trans., Vol. 217, 1960. 
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slow development of cutting machines, larger loco- 
motives, loading machines, and finally the continu- 
ous miners. 

Over the years improvements that have taken 
place in equipment and methods have made d-c sys- 
tems reliable and efficient indeed. Still unexcelled 
for traction service, the d-c series motors have main- 
tained this power system as the one most preferred. 

However, the recent development and gradual 
acceptance of continuous mining machines has so 
emphasized the problems inherent in supplying large 
blocks of power from d-c systems that the advant- 
ages of an a-c supply for mining equipment can 
no longer be ignored. This fact is generally being ac- 
cepted even by those who intend to use rail haulage 
and must therefore continue to use d.c. 

The purpose of this article is to discuss the factors 
that should be considered in designing, operating, 
and maintaining a safe, adequate, and economical 
system for supplying a-c power to underground min- 
ing equipment. Application of a-c motors and control 
to special loads and requirements of various types 
of mining machinery has been discussed by others 
and will not be treated. 


SAFETY CONSIDERATIONS 
Fortunately the methods and equipment to obtain 
safety in an a-c distribution system have been 
available, used, and proven by many years of suc- 
cessful operation in the many electrified strip mines 
all over the world. The basic principles of such 
methods are these: 


1) Establishment and maintenance of an ade- 
quate and reliable ground. 

2) Limitation of the ground fault current to hold 
frame potential to a safe value. 
Adequate relays to detect ground faults, 
phase faults, and overloads; controlling ade- 
quate circuit breakers able to interrupt the 
circuit in trouble. 
Adequate disconnecting means so that the 
circuits can be de-energized for necessary 
moving and maintenance. 


Details of equipment necessary to satisfy these 
principles will be covered in discussion of the major 
equipment components to follow. The basic plan of 
the circuit is illustrated by Fig. 1, which shows a 
load being supplied by a transformer, equipped with 
a neutral, grounded through a ground fault current- 
limiting resistor R,. The value of this resistor R, is 
such that in the event of a solid ground fault, the 
current passing through the ground circuit will be 
limited to a maximum of 25 or 50 amp if the circuit 
carries the underground high voltage distribution at 
4160 v or 6900 v, or a maximum of 20 amp if the 
circuit is the utilization voltage, usually 480 v. The 
ground conductor is of adequate size to carry this 
current safely. The impedance of this ground con- 
ductor, shown in Fig. 1 as the lumped impedance Z,, 
should not exceed 2 ohms. With this scheme in the 
event of a ground fault, the maximum voltage that 
can occur from frame to ground is 100 v. This voltage 
would show on the voltmeter (V) and is the maxi- 
mum that could occur to shock a man touching the 
frame of the machine. While contact with 100 v can 
be lethal if the contacts to the human body are of 
very low resistance and the period of contact is 
relatively long, in actual practice contact to the ma- 
chine or ground is seldom solid and the duration of 
contact will seldom be long, as modern protective 





PROS AND CONS 
OF A-C POWER 


A-C Permits— 


1) Higher electrical efficiency than is possible with 
d. c. 


2) Greater safety for personnel in properly engi- 
neered and maintained systems. 


3) Virtual elimination of cable and electrical fires 
on equipment. 


4) Lower initial cost for equipment. 


5) Lower maintenance cost and greater reliability of 
a-c motors and control. 


6) The ability to supply the demands of modern 
high-capacity equipment working in very concentrated 
operational units. 


7) Improved production resulting from better speed 
regulation of a-c motors. 


But— 


1) The torque of an a-c motor varies as the square 
of the input voltage; thus low voltage can make a-c 
equipment essentially inoperative. 


2) To a great degree, personnel safety is dependent 
upon maintenance of the integrity of the ground circuit. 


3) The greater number of conductors in a-c cables 
makes splicing and repair more difficult. 


4) If track haulage, utilizing dc., is required, two 
voltage systems must be maintained. 





equipment will de-energize the circuit in a relatively 
few cycles. 

It is apparent that the integrity of the ground 
conductor shown in Fig. 1 is of paramount impor- 
tance for, if its impedance is appreciably greater than 
2 ohms, the voltage from frame to ground will be- 
come dangerous. A simple check circuit has been 
developed for use on high-voltage distribution sys- 
terms which will continuously measure the impedance 
of the ground conductor and, if it is found unsafe, 
trip the protective circuit breaker. This basic plan is 
shown in Fig. 2. In this sketch the power conductors, 
transformer windings, load limiting resistor, etc., 
shown in Fig. 1 are not repeated. Added to the cable 
is an insulated ground check conductor operated at 
essentially ground potential. A small d-c current 
from a low potential d-c source, usually a bridge 
rectifier, but shown in Fig. 2 as a battery, flows 
through the ground conductor to the load center 
frame, back through the ground check conductor, 
and through the ground check relay GCR. The vari- 
able resistor R, completes the circuit and is used to 
adjust the current. Should Z, or Z, increase, indicat- 
ing damage or opening in the cable, the current 
flowing through the check circuit will reduce or 
cease, causing the relay GCR to trip the proper cir- 
cuit breaker. 

Another circuit designed to check the continuity 
of the ground wire is shown in Fig. 3. In this circuit 
a source of low voltage is obtained from T, and 
passed through the ground continuity relay GCR. 
T, is an auxiliary current transformer which, so long 
as the ground circuit in the cable represented by 
Z, and Z, is continuous, reflects a low impedance to 
the primary of T,. If the ground circuit is open, the 
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Figs. 1 to 3—R, resistor; Z, impedance; T, transformer; 
GCR, ground check relay; V, voltmeter. 


impedance is much higher and the current flowing 
through GCR is reduced, causing GCR to trip the 
protective breaker. 

To many experienced engineers, the continuous 
ground check circuit seems an unnecessary compli- 
cation. The fact that many mines have operated 
safely for years without such a circuit supports this 
argument; however, when the installation and mov- 
ing methods and the personnel doing this work at 
strip mines and at underground coal mines are com- 
pared, the ground check circuit becomes more attrac- 
tive. At most strip mines, all work that requires 
coupling, uncoupling, or splicing of cables is done by 
specially equipped crews trained to do this work. 
Of course, splicing of cables always requires trained 
men, but at most underground operations cables are 
coupled and uncoupled by any labor available. By 
providing absolute protection against incorrect pro- 
cedures, the continuous ground check circuit, when 
used with properly designed couplers, will permit 
untrained labor to handle coupled connections. 

In general, this continuous ground check circuit 
has not been applied to utilization voltage circuits, 
particularly those circuits feeding portable machines 
through trailing cables. The problem of maintaining 
the extra insulated conductor in a trailing cable 
usually is considered too difficult. 

One solution to this problem has been to provide 
a grounded source of current at the distribution 
center, which can be connected from time to time 
to the machine frame, and when energized, will pass 
at least 20 amp, the maximum ground fault current, 
through the ground conductor. If the ground con- 
ductor can carry this current safely, it is considered 
adequate. It should be noted that this scheme does 
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not check the ground fault relay or breaker function- 
ing, nor does it check the ground conductor continu- 
ously. And as with any safety check which is not 
automatic, if the mine personnel do not make the 
effort to use it, the scheme is valueless. 

A special circuit that also checks the functioning 
of the ground conductor and relaying at utilization 
voltage is now being tested at the Ireland mine of 
Hanna Coal Co. This circuit has been approved by the 
USBM for experimental use at special test installa- 
tions and if successful may receive complete ap- 
proval. This circuit causes a controlled ground fault 
of controlled duration when a test button on the 
machine is pushed. Only a man wholly on the ma- 
chine and in contact only with the machine can op- 
erate it safely. If the distribution breaker is tripped, 
the cable ground conductor and relaying are safe. 

Neither of these methods provides continuous 
checks of the ground conductor. It is to be hoped 
that improved cable construction and simpler splic- 
ing methods will permit successful use of a continu- 
ous ground check circuit on trailing cables. 

In spite of this single problem noted above, it 
should be pointed out that the a-c system us normally 
used is safer than the d-c system. Inherent in the 
a-c system is the fact that the ground conductor does 
not normally carry current, and the detection of 
relatively small current in a ground conductor can 
be used to de-energize the circuit. The ground in a 
d-c system is a conductor which must carry full load 
current. Fault current is difficult to distinguish from 
normal load current, particularly when the fault oc- 
curs some distance from the conversion equipment. 
Fires are altogether too common in d-c systems, 
and it is easy to understand why this can be so, even 
with the best of modern protective equipment. 
Modern d-c systems often supply normal loads re- 
quiring more than 1500 amp, but fires can be ignited 
by fault currents less than 1/10th of this figure. In 
contrast there are a number of modern a-c systems 
that have operated for several years without any 
fires of electrical origin. 


DESIGNING THE SYSTEM 

The first step in designing an adequate and eco- 
nomical system for distributing a-c power to under- 
ground mining equipment is the choice of proper 
voltages. 

Choice of Utilization Voltage: The choice of utili- 
zation voltage for supplying portable face equip- 
ment and movable loads such as belt drives or mov- 
able pumps is not difficult. Any system considered 
today should be capable of supplying the loads im- 
posed by modern continuous mining equipment. It 
is impractical to attempt to supply such loads at 
any reasonable distance from the transformer or 
load center with 220 v a-c, no matter how large the 
cable nor how adequate the rest of the system. Utili- 
zation power must be at 440 v or higher. A 440-v 
a-c system can supply a load, with equal voltage 
regulation, at the same distance from the transformer 
with a cable one-fourth the conductor size of that 
needed on a 220-v system, or with a cable of the 
same size at four times the distance possible with 
220 v. With the same cable size, regulation, and dis- 
tance, 440 v a-c can supply a load four times as large 
as can be supplied by 220 v. 

The practical rule to follow is to limit total cable 
lengths, at 440-v a-c to 1500 ft. Under favorable 
conditions this distance might be stretched to 2000 





ft or a little more, but this practice should be 
avoided if possible. The voltage at the motor termi- 
nals is affected by all of the impedance drops on the 
entire system extending from the power company’s 
generator, over the various transmission lines and 
cables, to the motor terminals. If the final component 
of this transmission system, namely, the 440-v sup- 
ply, is overextended and provides poor regulation, 
then the problem of limiting the regulation on the 
remainder of the system may be too expensive or 
even impossible. Most mines supplying large con- 
centrated loads, such as continuous miners, try 
to keep the total transmission distance at 440 v a-c 
to 1000 ft and set 1500 ft as the maximum distance. 
If transmission distance at utilization voltage is 
to be so limited for 440 v, then it is apparent that 
transmission distance for 220 v, one-fourth as long, 
render 220 v impractical. 

Possibly a better choice of voltage for mining 
equipment would be 550 v a-c. While this is a stand- 
ard voltage it is used infrequently today; however, 
motors and control for this voltage are standard and 
costs are the same as for 440-v equipment. Since 
cables and other utilization components are rated 
for 600-v, initial costs are not higher for a 550-v 
system. The 550-v system offers the opportunity of 
supplying loads with smaller and less expensive 
cables or supplying loads at greater distances from 
the source of utilization power than would be possi- 
ble with 440-v. Unfortunately some states have 
laws that prohibit utilization voltages above 480 v. 

Several mines have demonstrated that high vol- 
tage need not be taken underground to obtain a 
practical system. Surface pole lines distribute the 
high-voltage supply, usually 12 kv or higher, to 
surface-located distribution transformers. Here the 
voltage is reduced to utilization voltage; protective 
equipment is supplied, as will be described for the 
load center; and>utilization cables take the power 
underground for distribution to equipment. In a 
system of this type, very good regulation of the 
high-voltage supply can be attained by the choice of 
voltage, permitting most of the allowable regulation 
to be used on the utilization distribution. For this 
reason, utilization distribution distances are not re- 
stricted so severely as described for the more con- 
ventional system. For 440-v systems, a distribution 
distance of 2500 ft has been found to be practical. 
With loads of the same size, 4000-ft distribution dis- 
tances would be practical for 550-v systems. Obvi- 
ously factors which affect the cost of providing sur- 
face transmission lines as well as the depth of the 
coal seam would have a great effect on the economic 
feasibility of such a system. The relative costs of this 
system as compared to the conventional system have 
not been studied sufficiently to warrant generaliza- 
tions. Certain systems now under consideration 
should give answers within the next year. 

As loads continue to grow, it will become increas- 
ingly difficult to supply portable equipment at rea- 
sonable distance from the step-down transformer 
through cables of reasonable size. The only practical 
solution is to raise the utilization voltage. The sys- 
tem of grounding through a fault current limiting 
resistor will provide safety for personnel regardless of 
system voltage. Underground equipment will follow 
the course laid out by stripping equipment, which 
has mounted to higher and higher utilization volt- 
ages, until today there are power systems at 6900 v 
extending directly to portable equipment. These 


systems provide shock protection to personnel equal 
to the best that can be provided with a 220-v system. 

Voltage Regulation Requirements: Most a-c pow- 
ered face equipment is supplied with motors wound 
for 440 v and with contactor operating coils for the 
same voltage. Normal operating voltage should not 
be permitted to drop below 400 v, or about 90 pct of 
normal rated voltage. At 90 pct voltage, motor torque 
is limited to about 81 pct of normal. This loss of 
torque is serious enough, but further loss of voltage 
will make most mining equipment inoperable. In 
addition, contactors may not pick up for starting if 
voltage is much below 85 pct of rating. During start- 
ing the motor current may reach six or more times 
normal full load. The system must be capable of 
taking this large starting inrush without letting vol- 
tage drop to 80 pct or at most 75 pct of rating. If the 
voltage should dip this low, it is likely that the con- 
tactors of the motor starter will drop out. If the con- 
tactors do not drop out, they will have inadequate 
pressure on the contact tips or will tend to bounce, 
causing burning of the contact tips during the period 
of high starting current. 

The basis for design should be to provide a system 
adequate to prevent: 1) normal operating voltage 
from falling below 420 v, or about 95 pct of rating, 
and 2) voltage during starting from falling below 
80 pct of rating. 

The problem of voltage regulation is not limited 
to offsetting low voltage only. If this were the case 
it would be necessary merely to provide a high 
utilization voltage at the secondary of the load 
center. The trouble with his idea is that during 
periods of light load, the voltage applied to motors 
can become quite high. This condition is aggravated 
frequently by the power company’s high-voltage 
supply tending to reach high values during periods of 
light load on its system. Overvoltage should be kept 
to 10 pct if possible and should not exceed 20 pct. 

Choice of Voltage for High-Voltage Distribution: 
With utilization voltage distribution limited to about 
1500 ft, it is apparent that high-voltage distribution 
must be simple and highly flexible to accommodate 
frequent moving of the load center. Most mines 
splice lengths of high-voltage cable only in portions 
of the system which will be in use without 
being moved for some considerable time. Portions 
of the system which are subject to frequent moves 
are usually supplied through lengths of cables termi- 
nated in suitable plug and socket connectors. These 
connectors permit easy addition or removal of 
lengths of cable as needed. 

Until early 1958 the rated voltage of connectors 
available was limited to 5000 v. Now at least two 
manufacturers can supply connectors rated at 7500 v. 
Thus, today three standard voltages are available 
for high-voltage distribution, namely, 2400 v, 4160 
v, and 7200 v. 

The choice of voltage for high-voltage distribution 
is affected by the size of loads and physical extent 
of the mine. The desired voltage regulation at the 
motor is controlled by the regulation on the power 
company’s lines, by the regulation on the high-vol- 
tage distribution system, by the regulation on the 
utilization voltage system, and by the characteristics 
of the load itself. The electrical engineer coordinating 
the entire system will find that he can do little about 
regulation in any of these system components except 
in the high-voltage distribution system. In this com- 
ponent, his most effective tool is choice of voltage. 
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Fig. 4—KW, power in kilowatts to be transmitted; D, 
length of feeder in thousands of ft; VR, pet voltage regu- 


lation desired. 


The trend today is toward 7200 v. Apparatus for 
7200 v costs little more than that for 4160 or 2400 v, 
and the cable is appreciably cheaper. The lower price 
for the cable results from the fact that the higher 
voltage permits the use of smaller conductors to 
supply the same load at the same distance. A 7200-v 
system can supply the same load at three times the 
distance that can be supplied with 4160-v with the 
same conductor size and the same regulation. A 
2400-v system has only one-third the capability of a 
4160-v system. A mine of any size that might have 
loads such as continuous miners will hardly find 
2400-v adequate, unless a number of feeds are pos- 
sible from a still higher-voltage system. Voltages 
higher than 7500-v are desirable for larger systems, 
but apparatus is more expensive and, of course, 
suitable connectors are not available now. 

Fig. 4 shows a plot of transmission capability, 
given as KWD, at the three different voltages against 
unit cost of cable. This comparison was made for 
five different sizes of conductor and two voltage 
ratings of cable. These voltage ratings are 5000 v, for 
use at 2400 and 4160 v, and 7500 v for use at 7200 v. 
The prices used for comparison were of cables con- 
taining ground continuity check conductors. Fig. 4 
shows graphically the savings inherent in the use 
of the higher voltages, particularly when the system 
must handle heavy loads or when it extends over 
long distances. 


COMPONENTS OF THE SYSTEM 


Once the size and extent of the system have been 
determined and voltages chosen, consideration can be 
given to the basic components which will make up 
the system. These components usually are: 


1) Surface substation and transformer, reducing 
power company’s supply voltage to high- 
voltage distribution. 

Circuit-breaker and relaying components to 
detect and interrupt ground fault, phase fault, 
or overloads. 

3) High-voltage cable and connectors for high- 
distribution voltage. 

4) Branch switchboxes. 

5) Load center. 

6) Low-voltage distribution center. 

7) Low-voltage cables. 
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Surface Substation: The purpose of the surface 
substation is to reduce the power company’s supply 
voltage to the proper high-voltage distribution. The 
surface substation is conventional in most respects, 
having the following usual features: 


1) Some means to disconnect from the power 
company’s transmission line. 

2) Primary fuses or circuit breaker to protect 
against fault. 


Lightning arrestors on the primary and sec- 
ondary sides of the transformer bank. 


Transformers of proper capacity and voltage. 


Connection from the transformers to the 
mine high-voltage distribution protective cir- 
cuit breaker. 


Certain other features vital and special to this 
type of installation are as follows: 


1) The transformers should provide an electrical 
neutral that should be connected to ground 
through a ground current limiting resistor. 
The electrical neutral is usually obtained by 
having a wye-connected secondary in the 
transformer bank or, if a delta connection 
is required, a suitable grounding transformer 
is provided. 

The ground fault current limiting resistor 
should have the proper value and insulation 
to limit current continuously to 25 or 50 amp 
in the event of a ground fault. 

The station earthen ground, to which is con- 
nected the grounded side of the primary 
lightning arrestors and the tank of the trans- 
former bank, as well as other metal portions 
of the substation requiring grounding, should 
be separated by at least 50 ft from the 
earthen ground to which the ground fault 
current limiting resistor is connected. This 
prevents the possibility of lightning or the 
power company’s supply voltage making its 
way to the ground wire in the mine high- 
voltage distribution by way of a common 
ground. Each ground should be a low-resist- 
ance ground; the station ground should be 
not more than 2 ohms and the safety ground, 
not more than 5 ohms. 

All connections and equipment on the sec- 
ondary of the transformer bank must be 
made and installed so as to minimize ex- 
posure to lightning and should be attached to 
the ground of the ground fault current limit- 
ing resistor. 


Circuit Breaker and Relays: The circuit breaker 
installation is conventional. Normal phase fault and 
overload protection should be provided. Most instal- 
lations have current balance or phase failure protec- 
tion. An additional overcurrent relay, connected to 
a current transformer usually inserted between the 
ground fault current limiting resistor and ground, is 
provided to trip the circuit breaker in the event of 
a ground fault. This relay is adjusted to trip on 
about 5 to 7 amp of ground current. 


Fig. 5, a typical circuit for the circuit breaker, 
shows the ground continuity check relay (GCR) 
controlling the undervoltage release on the breaker. 
Special conditions may require some modification of 
this. For example, if the power company supply is 
subject to frequent interruptions from switching or 
other causes, it may be necessary to provide another 
method for tripping on loss of ground continuity. In 
this case absence of ground continuity, when supply 





voltage is present, must be relayed so as to lock out 
the breaker. Phase failure, phase overcurrent and 
ground fault should also trip and lock out the 
breaker. 

If the main breaker feeding the underground 
system feeds through branch or feeder breakers, 
then the relaying should contain some time delay 
to permit selective tripping of the feeder breakers. 

High-Voltage Cable: Neoprene-jacketed high- 
voltage cable is used almost exclusively today. This 
cable, for operating at 4000 v or higher, is provided 
in two basic types, commonly called mine power 
cable and portable or type SH-D cable. The first is 
intended for more permanent installation where 
the cable can be installed with care. The conductors 
are rather stiff, normally having coarse stranding. 
The shielding tape, wound around the insulation of 
each conductor to act as a corona shield. may consist 
of a flat ribbon of copper. These features make the 
cable rigid and require that it be handled rather 
carefully during installation. 

The portable SH-D cable consists of flexible con- 
ductors usually containing 133 or more strands. The 
shielding is a flexible copper braid. This construction 
requires a little thicker insulation around each con- 
ductor. The cable is quite sturdy and flexible, per- 
mitting moving of the cable and the load center 
under load. Usually type SH-D cable is not made in 
sizes larger than 4/0 and is more expensive than 
the less flexible mine power cable. 
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Fig. 5—ACB, air-type circuit breaker; OCB, oil-type cir- 
cuit breaker; PT, potential transformer; SW, switch. 


Armored cables with lead sheath are considered 
unsatisfactory. While this type of cable provides 
excellent mechanical protection, it is extremely 
vulnerable to electrolysis and corrosion. It is difficult 
to install and move. Internal failures are hard to find 
and to repair. 

Cables should not be buried as some mining laws 
now require. With protective methods such as were 
previously discussed, neoprene-jacketed high-vol- 
tage cables can be hung safely in the haulage entry, 
belt entry, or travel way. Hanging is the cheapest 
method of installation to keep the cable clear, and 
hanging in a well-traveled entry provides assurance 
that the cable will receive the most frequent in- 
spection and the greatest protection against roof 
falls. While burying the cable gives the ultimate 
protection against mechanical damage, in practice 
many troubles have appeared. The cost of burying 
the cable and recovering it is very high. The outer 
jacket of buried cables often receives minor dam- 
age during recovery, and when such damaged cable 
is re-installed it may be seriously damaged by elec- 
trolysis. Insulated hangers eliminate all chance of 
electrolysis on neoprene-jacketed cables when hung. 

In the discussion of safety considerations, the 
ground continuity check was covered. This circuit 
requires the use of one, and preferably two, insulated 
ground check conductors. Comparative prices on 
cables with and without one ground check conductor 
indicate that the cost is increased about 2 pct in 
the case of a cable having No. 4 conductors. The 
added cost decreases as the cable sizes increase so 
that the increased cost is only 0.25 pct for a 2/0 
cable. Strangely, the 4/0 cable containing the 
ground check costs about 1 pct less than the same 
cable without the ground check. The important fact 
is that the addition of the ground check circuit can- 
not affect the system cost very much. 

In most cases, 50 to 60 pct of the total cost of equip- 
ment necessary for a mine power system is repre- 
sented by the cost of the cable alone. A recent eco- 
nomic study indicated that an induction voltage 
regulator capable of providing a 10 pct buck or 
boost could be paid for, during the early life of the 
system, by proportioning cables at their continuous 
rating rather than on the basis of voltage drop. The 
saving was considerable by the time the mine had 
reached its ultimate projection. In this study, it 
was contemplated that the voltage regulator would 
be installed on the surface, ahead of the main 
breaker, and controlled from the system demand. The 
regulator would be set to hold the supply voltage at 
the load centers close to some predetermined value. 

This use of a voltage regulator could have one 
additional and major benefit. The regulator would 
reduce the extremes of overvoltage that occur, 
particularly during periods of light load on the 
power company system. These extremes of over- 
voltage can sometimes cause motors to be subject 
to 120 pct or 125 pct of voltage rating. Such over- 
voltage can cause extreme current and torque during 
starting. Mechanical and electrical failures, at least 
in part, have resulted. Overvoltage can be especially 
serious on capacitor banks if used for power factor 
correction. Choice of a regulator for a given installa- 
tion should include a study of the power company’s 
system as well as the mine distribution system itself. 

Some mines have joined lengths of cable by splic- 
ing only, while others have used couplers throughout. 
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A combination of the two systems is most popular. 
The cost of a complete coupler, ranging between 
$400 and $500, is the main reason against their use. 
Splices are cheaper and, if well made, are less likely 
to give trouble, particularly in moist conditions. 
Making a splice properly, however, takes time and 
is being used less in situations where cables must 
be moved frequently. The preferred system seems 
to be as follows: 


1) Splice the cable in situations where the cable 
is not moved frequently. Notice that the stif- 
fer mine power cable can be used here. 

2) Use couplers on cable where frequent moving 
is necessary. Here type SH-D cable should be 
used. 


Thus, as a rule, splice mine power cable and couple 
type SH-D cable. 

A number of cable couplers are available today. 
At least two manufacturers can now provide couplers 
rated for 7500 v. Couplers should be equipped with 
the required number of ground check circuit con- 
tacts which are designed to be opened before any 
power conductor. The ground conductor should be 
the last to be uncoupled. As further protection in 
the event of a phase to phase fault within the 
coupler, the housing surrounding the contacts should 
be made of heavy metal and should be connected 
to the ground conductor. Threads on the housing 
should be long enough so that the power conductors 
are broken and cleared before the connectors will 
part. 

Branch Switchboxes: Normal layout of the high- 
voltage distribution usually shows a main feeder 
cable installed in the haulage entry, supply track 
entry, or belt line entry. From this main feeder 
cable, branch feeders go to branch mains and then 
to section panels. 

At each branch and section some sort of discon- 
necting means is desirable. A safe method is neces- 
sary to disconnect the branch from the system so 
that a length of cable may be added or removed as 
needed without having to de-energize the entire 
system. Three general types have been used: 


1) An oil circuit breaker and air disconnect 
switch 

2) A load break air switch which may be fused. 

3) Oil-filled load-break switch which may be 
fused. 


The oil circuit breaker has been used in a few 
cases where the system designer is trying to limit 
the effect of a fault in one branch upon the entire 
system. This feature is of greatest value to the large 
mine where a fault, if handled only by the main 
system breaker, would affect the operation of a 
great many production units. The disadvantages of 
the circuit breaker for this application are its high 
cost; its size, which is a problem in low seams; and 
the more exacting maintenance required if the relay- 
ing is to be kept in the proper condition to obtain 
selective tripping. In some cases circuit breakers are 
provided at main branches only, while feeders to 
section panels are isolated by a load disconnect 
switch. 

The load-break air switch and the oil-filled load- 
break switch are essentially variations of the same 
functional unit. Within their rating limitations, each 
can safely interrupt the normal load. Each can be 
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Fig. 6 and 7—SWa, auxiliary contact on branch feed 
switch; CR, relay coil; CRa, relay contact. 


equipped with fuses for phase fault protection but 
this usually is not done, as the main breaker or main 
branch breaker are intended to function on phase 
or ground fault. If the switch is located where damp- 
ness or condensation can be a problem, the oil-filled 
type is preferred. For maximum protection on the 
branch, some switches are designed to ground the 
feeder circuit when the switch is in an open position. 

It is obvious that many factors must be considered 
when the system to be used is being designed. The 
size and geography of the mine; economic considera- 
tions, including cost of equipment and cost of shut- 
down while an infrequent fault is being isolated; and 
skill and degree of training of personnel are all im- 
portant factors. Most systems are kept quite simple, 
and experience seems to indicate that they are fully 
adequate. A well-designed primary breaker instal- 
lation feeding through well-designed and installed 
cables normally is trouble-free and can safely handle 
any phase or ground fault on the system. Many 
engineers feel that complex breakers and complex 
relaying can provide more trouble and down time 
than the essentially simple system they are designed 
to protect. 

Use of the continuous ground check circuit re- 
quires special care at branch points. The basic cir- 
cuit is shown in Fig. 2. The same circuit with a 
branch added is shown in Fig. 6. It is apparent that 
the cable feeding load center A must carry the 
ground to load center B through its ground check 
conductor, as the direct path through Z, contains 
elements of high impedance GCR, R., and a voltage 
source. Most cables containing a ground check con- 
ductor are built with this conductor of smaller wire 
size than the ground conductor itself. Also the cur- 
rent-carrying capacity of the ground check circuit 
contacts in a cable coupler is limited. Thus it is ap- 
parent that the current-carrying capacity of the 
ground check circuit is limited, and its impedance 
may be high enough so that a ground fault, even 
though limited to 25 to 50 amp, might create ex- 
cessive voltage at a load center. 

Modifying the circuit as shown in Fig. 7 will pro- 
vide direct grounding to any number of load centers. 
In this circuit an additional insulated ground check 
conductor is provided to supply a source of voltage 
in the cable. At each branch to a load center this 





extra ground check conductor is carried through the 
coil of a relay to the frame of the load center. This 
relay closes its contact and completes the ground 
check circuit. 

The switch feeding this branch should be equipped 
with an auxiliary, normally closed contact (SWa) 
which will close and maintain the continuous ground 
check when the branch feeder is de-energized and 
the branch cable uncoupled. 

Load Center: The load center is a skid-mounted 
transformer designed to receive the incoming high- 
voltage for distribution and to supply the utilization 
voltage with proper protective devices. The trans- 
former itself usually is air-cooled, dry-type, venti- 
lated, nonventilated, or hermetically sealed. Inert 
liquid-filled transformers are satisfactory but are 
not generally used because of their weight. A French 
manufacturer now builds a quartz-filled transformer 
so effectively sealed that the windings may be 
destroyed by overload or insulation breakdown 
without any external evidence. All modern trans- 
formers used in load centers are essentially fire- 
proof and may be operated on intake air without 
having to be placed in fireproof structures. 

On the primary side, load centers have been 
equipped with circuit breakers, air or oil-filled 
load-break switches, or frequently with couplers 
that are padlocked or key-interlocked with its branch 
breaker or load-break switch. As the transformer 
itself is a most reliable piece of equipment, many 
engineers consider any break or switch an unnec- 
essary duplication of the equipment which must be 
installed to protect and isolate the branch. 

The primary winding usually is connected delta 
permitting a wye secondary winding. When a delta/ 
wye primary is required, the secondary is supplied 


delta-connected and a zig-zag grounding transformer 
is used to derive the neutral ground. The primary 
winding is equipped with taps to compensate for 
a 5 or 10 pct supply under voltage. Usually the sec- 
ondary is wound for 480 v. 

The capacity of the load center to supply a given 
set of equipment requires careful study. The best 
way is to obtain actual demand charts of the equip- 
ment to be used. Usually the equipment manufac- 
turer can give the results of his studies. Use of any 
ratio of transformer capacity in kilovolt-amperes 
(kva) to total connected motor horsepower will 
probably give poor results. Equipment manufac- 
turers use a variety of time periods for rating motor 
horsepower. This lack of uniformity of time rating 
as well as the inherent variations in the nature of 
the equipment loads makes any short-cut method 
likely to be in error. Consideration must also be 
given to future growth, as it is reasonable to ex- 
pect that future equipment will have greater power 
requirements. 

Various types of insulation are available. Class 
B and class H are most commonly used; class H is 
becoming the more popular. One manufacturer 
offers cast coil construction, which is a method of 
impregnating and encasing the windings with an 
epoxy-resin. All these methods of insulation are fire- 
proof. Dust-tight and hermetically sealed trans- 
formers eliminate the need for the occasional clean- 
ing necessary with ventilated cases. However, the 
ventilated transformer can be made smaller and 
lower than the sealed transformers. The impedance 
of the transformer should be low to minimize voltage 
regulation. In addition the transformer should be 
designed to allow at least 10 pct overvoltage without 
over-excitation. 


BREAKER COMPARTMENT 
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Fig. 8—CB, current breaker; PB, primary breaker; CT, current transformer. 
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Table |. Power Factor Correcting Capacity 
Requirements 


Existing 

Power 

Factor, 
Pct 100 Pet 


Relative Capacitor Bank Rating 
For Correction to Desired 
Power Factor 

85 Pet 75 Pet 


95 Pet 80 Pct 


1.020 0.691 A 0.400 tc 0.138 
0.882 0.553 \ 0.262 x 

0.750 0.421 x 0.130 

0.620 0.291 ; 

0.485 0.156 

0.329 





Table values x kw load = kvar of capacitors needed to correct 
from existing to desired power factor. 





The neutral of the secondary is taken to ground 
through a ground fault current limiting resistor 
which will limit the current to 15 to 25 amp. Air 
circuit breakers are provided for each cable carry- 
ing utilization voltage from the power center. Each 
breaker feeds a low-voltage receptacle to which is 
attached a proper plug on the end of a cable. The 
breakers can be enclosed in ventilated, dust-tight, 
or explosion-proof compartments. In coal mining 
applications where the load center must be located 
in fresh air, dust-tight enclosures usually are speci- 
fied. A typical circuit for a load center is shown in 
Fig. 8. 

The molded case air circuit breakers have integral 
thermal and instantaneous magnetic trips for phase 
protection. A ground fault is detected usually by a 
window-type current transformer feeding a sensitive 
relay which opens the undervoltage release circuit. 
This scheme can function on as little as 34%-amp 
ground current but usually is set between 5 and 7% 
amp. Protection against disconnecting the cable un- 
der load is provided by taking the undervoltage re- 
lease circuit to ground through a pilot contact in the 
cable plug. 

When a primary breaker is used, back-up ground 
fault protection is provided by a suitable current 
transformer and relay between the current limiting 
resistor and secondary winding neutral. 

Utilization voltage can be fed directly from the 
load center to the trailing cables of the machines or to 
one or more distribution centers to which the trailing 
cables are connected. When the load center feeds a 
distribution center one, or sometimes two, heavy 
cables are used to connect it to the distribution 
center. Two connecting cables, instead of one very 
large cable, sometimes can be used to advantage 
because individually they are lighter, dissipate heat 
more readily, and have lower combined reactance. 

Usually a 5-kva single-phase transformer is pro- 
vided to supply 220-v three wire for lighting and 
service. This transformer is protected with air cir- 
cuit breakers on primary and secondary side feeders 

The power factor of an all a-c mine without cor- 
rection may be expected to range between 75 and 
85 pct lag. To avoid power factor penalty charges, 
and to realize maximum use of cables and trans- 
formers, power factor correction should be con- 
sidered. Greatest advantage from correction is ob- 
tained by placing capacitors as close to the load as 
possible. Space requirements on mining equipment 
usually prevent the installation of capacitors on the 
machines, so capacitors usually are provided as sep- 
arate units to be connected to the secondary side of 
the load center. Because of the high voltage en- 
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countered during periods of no load, 480-v units 
should be used in preference to 440-v units. While 
harmonic troubles can theoretically exist, in practice 
they will not occur if the capacitor bank rating in 
kvar is kept smaller than two-thirds of the trans- 
former bank rating in kva. If more capacitors are 
required, they should be switched with the load. 
The savings possible with most utility rate schedules 
will seldom pay for, nor will equipment utilization 
justify, correction to over 90 or 95 pct lagging. Cor- 
rection to this degree will not have harmonic 
troubles. 

Table I shows capacitor bank rating requirements 
for various power factor combinations. 

Distribution Center: The distribution center is 
merely a breaker compartment such as was Ge- 
scribed as a part of the load center, separately 
mounted, and connected to the load center with one 
or more heavy cables. The electrical circuit may be 
similar to the circuit shown in Fig. 8 as the breaker 
compartment. The various manufacturers use a 
variety of circuits which generally function in about 
the same manner. 

Locating distribution centers separate from the 
load center provides easily movable equipment from 
which to distribute utilization voltage to the trailing 
cables of machines. Trailing cables are usually 
limited to 500 ft and if connected directly to the load 
center would require too frequent moving of the 
load center as the section advanced or retreated. By 
limiting total cable length to 1500 ft at the utilization 
voltage of 480 v, it is apparent that lengths of 
cable up to 1000 ft can be inserted between load 
center and distribution centers. Thus the load center 
can be moved less frequently and further. The usual 
practice is to move the distribution center each time 
the shuttle car unloading point or the section belt 
tail piece is moved, but usually not more than once 
every second crosscut. The load center is moved once 
for some multiple of the distribution center moves, 
but not less than each 1000 ft. 


Fig. 9—Type Y ground mining machine cable. 


Low-Voltage Cables: A variety of constructions 
have been used for 600-v cables in a-c systems. The 
most common cable is type G, which consists of three 
insulated power conductors and three bare or effec- 
tively uninsulated ground conductors laid into the 
interstices of the power conductors, all surrounded 
by a tough protective flameproof jacket. The three 
ground wires combined are equivalent to at least 
one-half the size of one conductor. When an insu- 
lated ground wire is used, the remaining uninsulated 
ground wires must have this total equivalent. 

The other common type of cable used is known 
as PCG. This cable is essentially three insulated 
power conductors and a ground conductor, equiva- 
lent to one-half of a power conductor, placed par- 
allel. The ground usually is not insulated. Two small 
conductors used for continuity check and safety 
pilot are in the interstices of the power conductor, 
thus effectively making the cable a variation of the 
type G. 





Fig. 10—Experimental cable. 


Two major related problems require improved 
solution to attain better safety and reliability of AC 
distribution at utilization voltage. The first of these 
problems has to do with the difficulty of making 
either temporary or permanent splices on trailing 
cables. The second problem involves the difficulties 
of operating a continuous ground continuity check 
circuit through trailing cables to the frame of port- 
able equipment. 

The problem of making safe and effective splices, 
of both a temporary and permanent nature, is not 
unique to a-c mining. With d-c cables there are 
equally difficult problems of joining broken conduc- 
tors and re-insulating. However, d-c cables which 
contain a maximum of two power conductors and 
one ground wire have fewer conductors to repair 
than a-c cables which contain a minimum of three 
conductors and one ground. To the extent that there 
are more conductors to splice and insulate, a-c 
cables are more difficult to handle than d-c cables. 

Portable cables require splicing as a result of two 
types of damage. Occasionally conductors will be 
severed by some mechanical accident, but more 
frequently the high current that results when the 
insulation between power conductors is damaged 
or fails causes a severe arc which will literally burn 
one or more conductors apart. Little can be done 
about severe mechanical damage, but protection 
against severe damage from arcing can possibly 
minimize splicing troubles in a-c cables. It is obvious 
that if the fault current could be limited to a value 
well within the normal current-carrying capacity 
of the conductors, then the conductors would not 
be subjected to damage from burning or arcing. In 
a-c cables this can be accomplished by placing a 
ground conductor of ample capacity around two of 
the three power conductors or between the three 
power conductors. Damage to a cable so constructed 
would initially have to cause a ground fault which 
is limited to 15 to 25 amp. In most cases, the trip 
mechanism of the breaker protecting the damaged 
cable should function before the cable can develop 
a phase fault. With the conductors undamaged, re- 
pairing merely requires re-insulating the point 
where the insulation breakdown had occurred. An 
example of a cable designed in this fashion is the 
so called Y ground mining machine cable shown in 
Fig. 9. It consists of three insulated power conduc- 
tors with two soft copper braids placed between the 
insulated conductors in the shape of the letter Y. 
The cable is still under development, and while 
promising, has not been universally successful. Some 
mechanical failures have developed when it has been 
used on shuttle cars. Improvements have been made 
but the cable is not yet perfected. 


Ground continuity check circuits add an additional 
conductor that must be repaired if damaged. Up to 
the present time, splicing difficulties have been so 
serious that most people have been unwilling to try, 
or have had to give up, ground continuity check in 
trailing cables. If ground protection between con- 
ductors can virtually eliminate splicing, then a 
ground continuity check can be added easily. An ex- 
perimental cable now being tested is shown in Fig. 
10. This cable places three insulated power conduc- 
tors parallel and in the same plane. Each side of the 
center conductor is a rectangular ground wire. The 
ground wires separate the power conductors and are 
themselves separated. The ground wires can be con- 
nected to the frame of the equipment and a current 
passed through them. The transformer type of 
ground check circuit should be used so that the 
frame of the equipment will always be grounded 
through a low impedance path, no matter which 
ground conductor might be opened. The Y ground 
ground cable can be modified to contain a ground 
check circuit by adding another insulated conductor 
of proper size. 

Continuous cables, without couplers, seem to be 
most satisfactory as trailing cables. The large size of 
couplers impede the moving of cables. The rough 
handling given couplers on a trailing cable results in 
high maintenance and equipment down-time. If 
couplers are used on the trailing cable, the USBM 
requires that an intrinsically safe circuit be used on 
cables serving permissible equipment. Of course 
coupler plugs are used on the end of the cable at the 
distribution center. 

Couplers are generally used in cables extending 
from the load center to the distribution center. Duty 
on this cable is not as severe as on trailing cables, 
so that couplers are satisfactory and splicing usually 
is not a problem. Type G cable with one insulated 
ground wire for ground check is satisfactory. 

A small but important piece of equipment for any 
a-c powered mine is a fault locator. If either of the 
experimental cables mentioned proves successful and 
become widely used, then most faults will occur 
within the cable and without any external evidence 
of the location of the fault. In all probability fault 
locators will have to be quickly available to any 
producing section. 


SUMMARY 


It should be emphasized that, while the experi- 
mental cables or some other new design can bring 
improved safety, present methods offer a high de- 
gree of safety when compared to d-c systems. Cable 
fires are virtually unknown and electrical fires on 
equipment are equally rare. While shock to per- 
sonnel can be severe, with reasonable maintenance 
the incidence of shock is gratifyingly low. 
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Technical Note 


Availability of Cesium for lon Rockets 


he advent of the space age and its promise of in- 

terplanetary flight has prompted new ideas for 
propulsion systems that will allow maximum energy 
with minimum fuel weight. The use of cesium as the 
source of energy for such rocket flights has been 
found desirable. Theoretical efficiency of a rocket 
fuel is measured in terms of specific impulse, de- 
fined as the number of pounds of thrust per pound 
of propellant consumed per second. Specific impulse 
is usually expressed in seconds (the number of sec- 
onds for which one pound of fuel would produce one 
pound of thrust) although it is really a measure of 
total energy, not of power. The most sophisticated 
chemical fuels have a specific impulse of 300 to 400 
sec; liquid hydrogen heated by nuclear reactor has a 
specific impulse of 1000 to 1200 sec. Specific impulses 
as high as 20,000 sec, however, are theoretically at- 
tainable with the ion rocket, in which free cesium 
ions are accelerated across a voltage drop and ejected 
at high velocity.’ Characteristics of the system have 
been sketched by Boden.” 

The desirable properties of an ion propellant are: 
1) low ionization potential, 2) low boiling point, 
and 3) high atomic weight. Alkali metals best ful- 
fill these requirements, and Table I indicates the 
superiority of cesium. The use of heavy complex 
ions such as UCI,’ is ruled out by their instability 
and other disadvantages.’ 

Despite its enormous superiority in specific im- 
pulse, the ion rocket is inherently low-powered, 
capable of very small acceleration. Application of 
ion propulsion will be limited to large rockets and 
spaceships on missions requiring powered flight for 
weeks or months and employing a separate chemical 
propulsion system for escape from the earth’s atmos- 
phere where power requirements are large but of 
brief duration. For example, Kraemer and Larson* 
considered the case of an unmanned 25,000-lb pay- 
load placed in a 300-mile orbit by chemical rockets, 
proceeding thence by ion propulsion to the vicinity 
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by Robert Greenwood 


of Mars, where it would go into orbit once again. 
Calculations provide for 8500 lb of cesium for such a 
voyage. The question of whether such quantities of 
cesium will be readily available to the space program 
does not appear to have been considered by geolo- 
gists and mining engineers. 


Present Production and Uses 

Literature on industrial applications of cesium 
is scanty. The metal is used in scintillation counters, 
photocells, infra-red detection devices, and as a 
“getter” in low-voltage vacuum tubes. Production 
is sporadic and total figures are not published, but 
the annual consumption is measured in pounds 
rather than in tons. The few pollucite deposits 
known, small as they are, can easily supply the 
present limited demand for gram or pound lots of 
cesium. Until recently the price of cesium was $2 
to $4 per gram, but according to Chemical Engineer- 
ing, cesium salts are now available at $13 to $27.50 
per lb. 

Geochemical Distribution 

As a large alkali ion, the cesium ion accompanies 
potassium in geological processes and tends to be 
concentrated in the latest crystallizing fractions of 
potassium minerals in much the same manner as 
rubidium. Most of the cesium in igneous rocks, there- 
fore, is in the micas and potash feldspars of granites, 
and especially in granitic pegmatites. The cesium 
content rises markedly in the micas of the late hy- 
drothermal replacement stage in complex peg- 
matites.° Typically, cesium is only 0.5 to 0.01 times 
as abundant as rubidium in potassium minerals. Rb’, 
with a radius of 1.47 A, is close enough in size to 
K* (1.33 A) so that rubidium forms no minerals of 
its own, Cs* is so large (1.67 A) that only small 
concentrations can be taken up in potassium min- 
erals; when cesium is present in solution in larger 
concentration it forms the mineral pollucite, Cs,- 
Na,.AlLSi,,O,.°3H,O, which is known only in pegma- 
tites. 

In the weathering of igneous rocks, cesium is 
dissolved, carried to the ocean, and apparently in- 





corporated as an interlayer ion in the clay minerals 
of marine sediments, resulting in marine shales 
typically containing 5 to 7 ppm of Cs,O.° 

Trace element studies have shown wide and un- 
explained variations in cesium content for rocks 
and minerals of similar character, even at a single 
locality. Representative analyses are summarized 
in Table II. The number of analyses is not sufficient 
to be considered statistical. In all the minerals listed, 
except beryl and pollucite, cesium substitutes for 
potassium in the crystal structure. In beryl, the 
cesium is believed to be trapped in open channels 
in the structure, and is not an integral part of the 
lattice. Goldschmidt notes that cesium-rich beryl 
crystals are commonly transparent and of tabular 
habit.’ 

Potential Ore Deposits 

The highest-grade cesium deposits are concentra- 
tions of pollucite in granitic pegmatites. A mass of 
25 tons of pollucite is reported in a lithium pegma- 
tite at Karibib in Southwest Africa." * Other pollu- 
cite deposits in complex pegmatites occur at Varu- 
trask, Sweden; Bikita, Southern Rhodesia; and 
elsewhere.’ Recent drilling of the Montgary pegma- 
tite in Manitoba has revealed what is probably the 
largest single mass of pollucite known, a flat lens 
of the order of 500 x 200 ft in horizontal dimensions 
and 4 to 39 ft in thickness.” Pollucite closely re- 
sembles quartz in appearance and properties, and 
for this reason it seems likely that many occur- 
rences have been overlooked. More pollucite might 
well be discovered if the micas of complex pegma- 
tites were examined for cesium in order to delineate 
cesium-rich provinces and localities. 

A leaner but possibly more economic reserve of 
cesium lies in the world’s lepidolite and beryl de- 
posits, wherein the cesium obtained would be a 
byproduct of the mining operation. The lepidolite 
and beryl used by American industry is mainly 
imported in the crude state and in relatively small 
lots which are individually sampled and analysed. 
The erratic distribution of cesium in these minerals 
suggests that all lots should be checked spectro- 
graphically at the mill for abnormal cesium content. 
Since values of less than 100 to 1000 ppm will not 
be of economic interest, and the spectrograph is 
capable of detecting 2 ppm,” the precision of the 
commercial laboratory spectrograph should be quite 
adequate. Flame-photometric determinations are as 
good, or better, over the ranges sought.” Lots 
carrying economic cesium values could have their 
leach liquors shunted to a cesium recovery process 
instead of going to waste as they do at present. One 
method suggested for industrial recovery of cesium 
is to add K,Fe (CN), to the acid solution, neutralize 
to 9.5 pH and add NiSO,. Cesium is adsorbed on the 
resulting precipitate.“ Perhaps 5 to 50 tons per 
year of cesium could be recovered in this manner. 





Table |. Properties of Some Alkali Metals 


Tonization 
Potential 
(Volts) 


Melting 
Point, °C 


Boiling 


Atomic Wt Point, °C 


132.91 28.5 670 3.893 
85.48 38.5 700 4.176 
39.01 62.3 760 4.339 
22.99 97.5 880 5.138 








Table II. Distribution of Cesium in 
Rocks and Minerals 


Cs,0(P pm) Reference 


Granite 
Average granite Horstman, 1957 
Two Yugoslav anites, 
from a single hill 
Biotite 
Average of five sam- 
ples from pegmatites 3,600 
Muscovite 
Nine samples from Pala, 
Calif., averaged with 
three other musco- 
vites 600 
Lepidolite 
Samples from Stewart's 
Mine, Pala, Calif. 


10 and 115 Deleon and Ahrens, 1957 


Stevens and Schaller, 1942 


Stevens and Schaller, 1942 


830 to 8100 Cabell and Smales, 1957 


Average of 17 world- 
wide samples 2,400 
Beryl 
Madagascar (one mor- 
ganite) 75,200 


Maine 550 
Microcline 
Pegmatites of Kola Pen- 
insula, USSR 


Stevens and Schaller, 1942 


Cabell and Smales, 1957 
Cabell and Smales, 1957 


1100 to 1400 Borovik-Romanova and 
Kalita, 1958 
Goldschmidt, 
Goldschmidt, 
Goldschmidt, 


Six samples from gran- 
ite pegmatites 
Pollucite 
Varutrask, Sweden 


South Dakota 


Karibib, Southwest 


Africa Goldschmidt, 





Within the U. S., mining of lepidolite and beryl 
shows little promise of large-scale production, Thus, 
domestic mining is unlikely to provide much by- 
product cesium from this source. The best hope for 
a domestic strategic reserve of cesium (and rubi- 
dium) appears to lie in the micas of the complex 
pegmatite districts, which should be systematically 
analysed for this purpose. 





Acknowledgement is made to Space Technology 
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LOAD REDUCTION IN 
SYSTEMATIC SUPPORTS 


by LAWRENCE ADLER 


The proper transfer of roof loads from props and bolts to ribs and pillars can 
result in appreciable savings. The author shows how to plan such load re- 


duction in underground mines. 


or openings in bedded rocks, analyzed by simple 

beam theory, it has been shown that roof loads 
can be shifted from one support to another.’ This 
transfer is effected by controlling the relative de- 
flection of adjacent supports. If this action is used to 
reduce loads in the props or bolts and increase them 
in the ribs or pillars, it could be productive of econo- 
mies averaging 30 pct. Such savings can be realized 
by: 1) using smaller artifical supports such as props 
and bolts, and 2) increasing loads in the rib to in- 
duce eventual failure for longwall caving. 

Since the rib is relatively load-insensitive, it pro- 
vides a natural load sink. However, caution must 
be used in applying such permissive deflections, for 
while the supports are being handled properly, the 
stresses in the roof itself are very sensitive to such 
manipulations.* 

An underground opening overlain by a relatively 
thin immediate roof, and a thick main roof, is usually 
laid out as shown in Fig. 1. The total open span (T) 
between pillars or ribs is calculated on the basis of 
the main roof, and the secondary spans (L) on the 
basis of the immediate roof, so that a complete 
accounting of the existing loads is made. For this 
purpose the immediate roof is treated as a uniformly 
loaded continous beam, which is an indeterminate 
structure as shown in Fig. 2(A). The term sys- 
tematic supports places the following two restrictions 
on the continuous beam: 


1) Spans between all supports are equal: uni- 
formity of spans. 

2) Loads on all supports (excepting ribs) are 
equal: uniformity of supports. 


The usual mode of analysis of such a structure by 
beam theory is to divide it up into a series of simply 
supported beams with end moments as shown in 
Fig. 2(B)’ 

The problem now is to transfer a maximum roof 
load to the rib from the span immediately adjacent 
to it by permitting its support to deflect, and yet 
not fail the roof. Once this has been done, the load 
can be equalized on all other supports by permitting 
further degrees of relative deflection. It is necessary, 
therefore, to determine an expression for the con- 
stant load on each support, and the required deflec- 
tions, in terms of properties of the roof. 
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From Fig. 1: 
T T 
— = N,and—=WN 
L. L 


Where: 
T = allowable span of main roof, ft. 


Mc 
(Calculated from S = F ) 


S is allowable modulus of rupture, psi. 
M is maximum moment, lb-ft (in this 


case ; 
12 ) 


c is distance from neutral axis to extreme 
fiber, ft. 
I is moment of inertia with respect to the 
neutral axis, ft*. 

L, = allowable span of immediate roof, ft (cal- 
culated as was T). 

= actual span of immediate roof, ft. 

N, and N are pure numbers where N, S N and 

N is the integer just higher than N.,,. 
For example: 


If T = 100 ft and L, = 15 ft 
100 


6.667 


“.N=7 
T 100 


L=— = — = 14.28 ft 
N 7 


Consequently N= N,+n 
where n is a positive fraction i.e: 0Sn=1 
Since from Eq. 1, T = NL = N.L. 

L. N 

Ye . N-n 




















Fig. 1—Layout of supports for main and immediate roofs. 
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Fig. 2—A, immediate roof as a continuous beam. B, elements of the continuous beam. 


satis [2] 
7-1" L- 


L. 
Therefore, the limits of =~ are: 


The two conditions for systematic supports yield 
the following equations (see Fig. 2): 
1) Ry + Rw =R t+ Ris 
. Ry« T Ry» 


= Ru vs a Rus fens 
Rw usa + Ry, R, 


wL [3] 
2) Ru + Ru = 
[4] 
Where: 
R, is the total constant load on each support, Ib. 
The first subscript refers to a particular span in 
the continuous beam. 
The second subscript refers to left (A) or right 
(B) supports of the particular span. 
i is any individual span. 
A general equation for R, is derived by noting the 
consistent structure of successive specific equations, 
as shown in Table I. 


Generalizing Eqs. a, b, d, and f in Table I yields: 
R,, = (i—1) (wL—R,) + Ru [5] 


Rus — Ris 
Or: R, wL + or [6] 
cg 

From Fig. 3, shear forces in a continuous beam, it 

can be seen: 

N is even: 

N 2Rys 
2” a 


Ry» 


R, 
When i -R, , or 3 = > into Eq. 6 


Ry —— 
2 


N 
——1 
2 


(N — 2) wL + 2Ry 


R, 
N—1 





N is odd: 


When i = 





R, = wL + 


N — 2) wL + 2Ry 
R, ~ ; which is identical to Eq. 7. 





That this is the required equation can now be 
proven by the use of mathematical induction. 
(N — 2) wL + 2Ry 
N— 1) 
for N, then is it also valid for N + 1? 

Increasing the number of spans (N) by one more 
span (N + 1) causes R, to be increased by the load 
of this additional span (wL), less the added support 
(R,), divided by the existing supports (N — 1) or, 

(N — 2) wL + 2Ry wL — R, 
N—-—1 N-1 
(N—1) wL + 2Ry 
N 
Now N + 1 substituted into Eq. 7 yields: 
(N + 1—2) wL + 2R,y 
N+1-1 
(N—1) wL + 2Ry 


z= N which is identical 


a) If R, (Eq. 7) is valid 





R, 





i 
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N = 4(EVEN) 


N = 5 (ODD) 


Rap = Raa OR Ring R(inei)a 


R3, = R3p OR Ratt) a” 
2 


AND Rt = Rag + R3a= Rent 
2 


Fig. 3—Shear forces in a continuous beam, showing relationships due to symmetry. CL indicates center line. 


Therefore, if Eq. 7 is valid for N, it is also valid 
for N + 1. 
b) Is Eq. 7 valid for any specific N? 
Take a minimum value: N = 2 into Eq. 7. 
(2— 2) wL + 2Ry 


R, .1 = 2R,» which is true. 





Hence, Eq. 7 is valid. 

It remains to determine R,,. The previous study 
yields the following equations when the slopes at 
the supports are zero (@, = 0)' 


. wL 12EI q P 
L [8] 


6EI 
dy [9] 


72E°T 


——-d 10 
wl [10] 


There is now enough information to solve the 
problem. The procedure would be as follows: 
wL* 


12 


Mc 
1) Calculate T and L, from S = T and M = 


2) Calculate N., N, and L from Eq. 1. 
3) Calculate d,, from Eq. 9 and 10 where 


SI 


c 


M, a . Mai: —s 


using the least value of d,,. 


4) Calculate R,, from Eq. 8. 

5) Calculate R, from Eq. 7. 

6) Calculate R., from Eq. 4. 

7) Calculate R., from Eq. 3. 

8) Calculate d,, from Eq. 8. 

9) Repeat steps 5 through 8 for each span until 
the center line of the continuous beam is reached, 
and use symmetry for the remainder of the beam. 


It will not be necessary to check the roof stresses 
for any but the outermost spans, i.e., span (1) and 
(N), since these stresses will be the maximum de- 
veloped due to higher values of d, in the end sup- 
ports. 

To evaluate the load reduction produced by this 
method of successive deflection, maximum and mini- 
mum conditions will be examined. The analysis, for 
simplicity, will make use of Eq. 9 rather than 
Eq. 10. 





Eq. [4]: Ry = R, — Ris 
Eq. [3]: Ra = wL— Rz, 


Eq. [4]: Rey = R, an Ru 

Eq. (b): Re = wh —R, + Ru 
Eq. (c): Ru = 
Eq. [3]: Ra = wL — Ras 
Eq. [4]: Rep = R, aid Ru 
Eq. (d): Ras = 


Eq. (e): Ru=2wL + 3R,— Ry 
Eq. [3]: Ru=wL— Ry 





Table I. 


—wL + 2R, soa Ri» \ 
J 


2wL — 2R, + Ris 


Ry = Ry 


\ R.» =wL — R, + Rus 


} R= —wl + eh, ~ Ra. 


Ry = 2wL — 2R, + Ris 
\ Ry = — 2wL + 3R, — Ru 


Ry = 3wL = 3R, + Res 
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Fig. 4—Maximum pet load reduction vs number of spans. 


wL* 
.T substituted into Eq. 9 since 


M. Mastewavic M,: yields: 
() + lage 
d, — = 1 m4 
L 72EI 
this into Eq. 8, yields: 
b- (21+ 
Rs 4- _ —: 
L 6 
this into Eq. 7 yields: 


[-2-(>)] a 
R, 6w—3-—({ — seseenecne 
L 3(N —1) 


[11] 
The percent load reduction (percent R,) is: 


wL —R, 
Percent R, — ) 100 [12] 
wL 


The limits as established by Eq. 2 are: 


" N 
1 and — = —— 
L N-—1 


L, 
For r 1; into Eq. 11 yields Rt = wL; into Eq. 12 


yields percent R, = 0 


= hal into Eq. 11 and 12 yields values 
L N-1 
plotted in Fig. 4. 

Fig. 4 shows the maximum values of load reduc- 
tion; these are significant between 2 < N < 6. It is 
within this range where substantial economies aver- 
aging 30 pct may be gained by the use of permissive 
deflections. 
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SAMPLE PROBLEM 


yA immediate roof) 
or prop) 
queers or prop) 


T is allowable span of main roof. 


zh 
lo = v— = 66 ft Lois allowable span of imme- 
7 diate roof. 
T 
2) From Eq. [1] No = — = 3.15 
bo 


++ SetN=4 
T 208 
N=—:L=—=52ft 
L 6 = 


Since N = 4, we con expect a load reduction from 0.0 
to 9.9 pct (see Fig. 4). 
wl? 68! 
3) From Eq. (9) Mia = ——+ dis 
12 u 


Ss! 
Mis = — = 108,000 Ib ft into Eq. (9): 
c 


dip = 0.056 ft = 0.68 in. 
wl? 72E°% 
From Eq. (10) Mimax = —— dis 
24 wit 
Mimax = Mia = 108,000 Ib ft into Eq. [10]: 
din = 0.058 ft = 0.70 in. >0.68 in. 
* + wse Eq. [9] results. 
diz = 0.056 ft = 0.68 in. 
wil? 126! 
From Eq. (8) Rus = dis 
2 u 
** Rie = 6250 lb 
(N— 2)wl + 2Ris 
N—1 


From Eq. [7] Re 
«+ Re = 14,567 lb 
From Eq. (4) Riz + Ros = Re 


** Rea = 8317 lb 
From Eq. (3) Res + Roe = wl 


* + Res = 7283 lb 

Because of symmetry, Res = Rss; and from Eq. [4] 
Ren + Raa = Re 

° R: 

* * 2Rop = Ri, or Rez ody | = 7283 tb, which checks 
above value for Rus 


wl 12&/ 
From Eq. [8] Res = ——-~ din 
2 u“ 


* «© dex = 0.019 ft = 0.22 in. more than dis 


* + total deflection of second support: 
desr = 0.056 + 0.019 = 0.075 ft = 0.90 in. 


Since the remaining span is symmetrical, the values already 
established will apply. 


wl — Re 
10) From Eq. [12] percent Ra = (=) 100 
wi 
Ra = 6.5 pet 


Summary of Results: 
Actual spon between props 
Total load per prop : 
Total deflection at first and third props 
Total deflection at center 
Load reduction due to deflection of props 


~ 


oo 

&& 
P55? 
inna 
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TUMBLING MILL POWER AT 
CATARACTING SPEEDS 


he correlation of power consumed by a tumbling 

mill with the dimensions, speed, and load has been 
attempted by three principal methods. One of these, 
the torque formula, has been reviewed critically 
elsewhere. This approach, while analytical, dis- 
regards the individual motion and speed of the 
tumbling bodies and assumes that the gross geometry 
of the entire load is sufficient to establish the power 
requirement. A more general approach, using dimen- 
sional analysis, has been applied in this labora- 
tory by the present authors’ *, and more recently 
by Rose.’ This disregards the internal conditions 
within the mill entirely and in effect is an empirical 
procedure for correlating data. Finally, the complete 
analysis of tumbling mill dynamics as first made by 
Davis‘ attempts to develop the power requirement 
from individual ball and rod paths and velocities. 
Although Davis’ result is applicable only at a 
single speed for a given size and load it could 
be useful, since his optimum speed is at the upper 
limits of conventional tumbling mill practice. 

Where power values predicted by the Davis equa- 
tion were compared with actual mill requirements, 
they were found too low for small mills and much 
too high for the largest mills. This suggested that 
the agreement with actual intermediate range re- 
quirements might be fortuitous, and the development 
of the equation was examined critically. 

The probable source of error was found to lie in 
an erroneous assumption made by Davis in convert- 
ing the energy of ball or rod motion to power. With 
the same approach, but with different assumptions, 
a modified equation has been obtained which predicts 
results that are usually consistently high. This is 
to be expected, since it is assumed that there is no 
slip between load and shell and no interference among 
tumbling bodies. Both these effects should account 
for the difference. 
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by P. K. GUERRERO ond NATHANIEL ARBITER 


Development of Equation: When a cylindrical 
shell charged with a substantial weight of rods or 
balls is slowly rotated about a horizontal axis, the 
load surface first assumes an inclination that gradu- 
ally increases to a maximum. Continued rotation 
results in failure within the load, characterized by 
a sliding of the top layers down the slope and a 
reduction in the angle of inclination. Further rotation 
again increases the angle, and the cycle repeats. If 
the speed is increased, there is continuous load fail- 
ure and build-up and a continuous stream of rods 
or balls descends over the upcoming mass, which 
moves in circular arcs. At higher speeds the up- 





coming layers are thrown free and fall freely into 
the toe, a condition known as cataracting. At a 
critical speed,+ these layers may cling to the shell, 
in which case all individual rod action ceases. 

At any particular speed, the character of action 
depends largely on the interrelation between the 
internal stability of the load and load-shell friction. 
The friction determines the amount of energy that 
can be transmitted to the load. With the internal 
stability of the load relatively high and the load- 
shell friction low, the power transmitted will be 
enough to maintain the load in an inclined position, 
but the load will slip on the shell as if it were a 
rigid body. However, if the shell is sufficiently 
rough or is provided with lifters, and the load is 
normally stable, rod or ball action as previously 
described will obtain. 

Visual observation indicates a single rod or ball 
wilf exhibit two types of motion: one, a circular 
path; the other, parabolic free fall. Starting at 
point A (see diagram, Fig. 1), the body follows a 
circular path of radius r’ until it reaches point B, 
where it is in equilibrium under the influence of 
gravity and centrifugal forces. From B it follows 
a parabolic path until it reaches point C, not per- 
ceptibly removed from A. At A the body undergoes 
a change in velocity to that of a corresponding point 
on the mill radius vector and the cycle is repeated. 
The pattern of movement suggests that the power 
consumption is determined by two considerations: 
1) the rate at which potential energy is gained from 
A to B, and 2) the rate at which momentum is 
changed from C to A. 

Assume the load to be a homogeneous mass of 
density p with the kinematic qualities described 
above. To maintain a stream of thickness dr’ in 
motion at a rate equal to the tangential speed at 
radius r’ requires power equal to the product of 
mass rate of flow and height, i.e., 


P, = 2apLnr’ dr’h [1] 


with n being the rotational speed and h, the height. 

On the assumption of non-interference between 
adjoining stream lines along the parabolic path, no 
energy is lost or gained as the stream fiows from 
B to C. At C, the parabolic path velocity, V,, is 
changed to V., the velocity along the circular path. 
By analogy with vane theory in fluid dynamics, the 
power required for this transformation is assumed 
to be equal to the rate of change of momentum in 
the transition from the parabolic to the circular 
path multiplied by the velocity in the circular path. 
Thus, 


P: = 2apLnr’ dr’ (V.— V, cosé) V. [2] 


where @ is the angle between V, and V.. 

The total power consumed by the load is the sum 
of P, and P. for all the elementary streams, i.e., 

P=f" (P,+ P:) [3] 

where r, is the inner radius of the charge and r the 
internal mill radius. The following equations* will 
be found useful in evaluating the potential energy 
76.6 
——rpm (D is mill diameter) . 
VD 
This presupposes a coefficient of friction between load and shell 
sufficient to prevent slip. As shown by Hukki,® actual centrifuging 
speeds depend on load and frictional conditions. In the absence of 


lifters, and with low load levels, speeds many times higher than 
the calculated critical speed can be obtained. 


+ Neritical 


component of the power requirement: 


4’rn’ 
cos ¢ = ——————_ 
g 
8 = 3¢ —90 
sin 8 = —cos 3¢ = 3 cosé — 4 cos’ ¢ 
h = 4r’ cos ¢ sin’ @ 
Substitute the value h in Eq. 1, integrate between 
the limits r. and r, and simplify: 


8x n* pL 
P, = ————|_ (r*—r.*)— 
g 


errs) | 4) 
39 


At the toe, the following relations can be shown 
to hold: 
64 sin® ¢—64 sin’ ¢ + 8 sin’'¢ +1 


D2 
8 sin’ dé + 1 J 





cos @ 


V,=V.V 9—8 cos’ ¢ [D3] 
If there is no slip between the load and shell, then, 
V.= 2ar'n 

hence V, = 2a r'n\/9— 8 cos’ ¢ 
Substitute the above values of V,, V., and cosé@ 
in Eq. 2, integrate between r. and r, and simplify: 


82° p Ln’* [ 322‘ n* 
math nin, 
g 


P, (r*—r.*) + 


256 a n* 
a ee 
g 


The total power input is therefore 


128 a‘ n' 


8x'n'Lp [ , r 
——— | 3(r — 9.) —-——— + 
o 


G 


‘ 


256 a" n* 
Seabee (9 on r)| [6] 


Eq. 6 expresses the power in foot-pounds per 
second when all the quantities involved are ap- 
propriate ft-lb-sec units. It is valid for only 
one mill speed at a given load, designated by Davis 
as the “best operating speed.” At this speed, all 
particles between r and r, go through the circular 
and parabolic paths without mutual interference. 
This condition occurs when the radius at which a 
particle leaves the circular path equals that at which 
it returns. Davis showed that the value of the speed 
for this condition is: 


0.8158 [D4] 


Vr V¥1+K 


% , 
where K = — and has the approximate value, at the 


, 
“best operating speed,” of 


K = — 0.026 + 0.39 \/7 — 10L, [D5] 


L, in the above equation is the fraction of the mill 
volume occupied by the load. 


* Equations designated D1, D2, etc., were developed by Davis. 
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Elimination of n and r, in Eq. 6, replacement of 
radius r by diameter D, and substitution of values 
for the numerical constants leads to Eq. 7 for net 
horsepower input: 


2(1 — K*) zy 
(1 + K*)* 


HP,,.. = 0.001344 pD** L [ 


1.775(1 — K*) 
qd oe K*)* 








0.4432(1 — K*) | 


7 
qa + K*)™ [ ] 


A convenient relationship between # and @ may be derived from 
Davis’ analysis and used in the solution of the integral expression. 
See Eq. 8, page 271 of Ref. 3 


Eq. 7 differs intrinsically from the Davis equation. 
Davis developed an expression for the kinetic energy 
of a falling body made available for crushing at 
point C (Fig. 1), based on the velocity of the particle 
relative to the shell. This is formaliy equivalent to 
the potential energy and momentum change ap- 
proach adopted here. But to obtain the rate of energy 
transformation Davis assumed that the time element 
involved was that time required for the entire mass 
to make a complete cycle, acting at a distance from 





Table |. Model Rod Mill Horsepower Requirements 
Computed by Eq. 7 and by Davis Equation 


Mill dimensions: 0.99 x 1.245 ft. Dry rods Critical Speed: 77 rpm 
Charge density =393 Ib per cu ft 


Best Operating Speed 
Load Fraction Net 
Factor, Critical Speed, Horse- 
Ly F. power 


Calculated 
Net Horsepower 
Davis® 
Equation Eq. 7 








Table I. Comparison of Estimated Net Power for 
Commercial Mills and Power Calculated from 
Davis’ Equations 


Horsepower 
Mill Type L e Net* Davis Eq.7 


Grate ball mill* 
Grate ball mill* 
Grate ball mill 
Grate ball mill 
Rod mill> 


* 75 pet of gross.* 





the mill center equal to its radius of gyration. In 
the development of Eq. 7, the concept of mass flow 
rate is used without reservation. 

Testing of Equations: Exact testing of the original 
and corrected equations is only possible with net 
power drafts available (including dead load cor- 
rections) and with mills operated at or close to 
Davis’ “best operating speed.” Some suitable data, 
reproduced in Table I, were obtained with a 12x16-in. 
model rod mill.’ Table II, in turn, contains power 
data for the few commercial mills operated near the 
Davis speed. 

Comparisons indicate that the corrected equation 
gives results higher by about 20 pct than actual 
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net power inputs to the model rod mill. For com- 
mercial mills, the corrected equation gives results 
averaging 26 pct higher than estimated* net power 
drafts. The original Davis equation predicts power 
about one-fourth of the actual power realized for the 
1-ft mill, closer results for intermediate-size mills, 
but more than three times the estimated net for 
the 10.75-ft rod mill. 





Hp/ed25L 
_ 











0.35 0.40 
LOAD FRACTION 


Fig. 2 


Conclusions: With the modifications introduced in 
converting tumbling body energies to power, Davis’ 
analysis of tumbling mill action appears to be 
essentially sound. The fact that the corrected Davis 
equation predicts power consumptions about 25 pct 
higher than actual is in accord with the probable 
occurrence of slip in operating mills. This slip would 
have the effect of decreasing angular velocities of 
tumbling bodies from the value for the shell, and 
consequently result in a lower power draft than that 
calculated from the shell velocity. 

The utility of the corrected Davis equation is two- 
fold. It provides an approximation of the maximum 
power requirement for tumbling mills at the 80 pct 
of critical speed level, which is about the maximum 
for conventional practice. It also permits estimating 
at this speed, the internal dynamics of tumbling 
mills in terms of ball velocities and energies, with 
reasonable assurance that the results will be cor- 
rect in order of magnitude. Fig. 2 summarizes in 
graphical form the power at best operating speed 
as a function of mill dimensions, ball or rod load, 
and charge density, as computed from the corrected 
equation. 





This article is condensed from a dissertation by 
P. K. Guerrero submitted in partial fulfillment of the 
requirements for the degree of Doctor of Engineer- 
ing Science, Columbia University, 1955. 
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EFFECT OF TEMPERATURE ON SOAP 
FLOTATION OF IRON ORE 


by STRATHMORE R. B. COOKE, IWAO IWASAKI, and HYUNG SUP CHO! 


he effect of temperature as a parameter in ore 

flotation has not been systematically studied, al- 
though for some ores it has been known for many 
years that selectivity and grade of concentrates can 
be improved by conditioning or flotation at mod- 
erately or substantially elevated temperatures. In 
1934 Coghill and Clemmer' stated that “elevated 
temperature seems to make hard water more toler- 
able” in soap flotation, and a cursory examination 
of the literature indicates that some earlier in- 
vestigators were aware of beneficial results obtained 
by floating above room or mill-water temperatures. 
Tartaron,’ Mitchell et al.,* and particularly Hamilton 
et al.‘ have shown that high pulp temperatures give 
high recovery and selectivity in soap flotation of 
fluorite from a variety of gangue minerals. As a re- 
sult of the work of these and of other investigators, 
high-temperature flotation has been successfully 
applied to industrial flotation of fluorite. Falconer*® 
stated: “The use of high temperature conditioning 
(above 35°C and preferably above 60°C) in connec- 
tion with the soap flotation of nonsulphide ores, as 
covered in B. Kalinowski’s French Patent No. 847,- 
215, Dec. 7, 1938, is claimed to provide more intense 
activation, better separation of values from gangue, 
and reduction in quantity of reagents.” 

The various investigations quoted above clearly 
demonstrate the improvements to be realized by 
increasing the temperature at which fluorite is 
floated, and it is surprising that little or no in- 
formation has been published on systematic investi- 
gation of the same method as applied to other ores. 

The present article describes comparative results 
obtained at room temperature and at elevated tem- 
peratures by otherwise conventional flotation of iron 
ores, by single-mineral flotation in the Hallimond 
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tube, and by contact-angle measurements. It is not 
the purpose of this article to evaluate the commer- 
cial feasibility of high-temperature flotation of iron 
ores, although preliminary calculations show that 
the cost should not be excessive and that the gains 
to be realized may well outweigh the extra cost of 
heating the pulp. 


LABORATORY FLOTATION TESTS 

Experimental: All flotation tests reported in this 
article that use a laboratory Fagergren cell were 
made on ore A (either containing the primary slimes 
or deslimed at 20u as specified) following the pre- 
paratory procedures described elsewhere” for this 
particular ore. Ore A contained hematite, goethite 
(limonite), quartz, chert, and minor quantities of 
magnetite. Confirmatory tests made on other ores 
show that the same general principles apply to ores 
of similar mineralogy and structure. 

Conditioning was performed by adding the collec- 
tor, as a soap, to the vigorously stirred and heated 
pulp. Conditioning time was 5 min, the pulp con- 
tained 60 pct solids, and the equivalent of 0.5 lb of 
fatty acid was added per ton of original (unde- 
slimed) ore. The pH of the pulps ranged from 6.8 
to 7.1 (25°C measurement) during conditioning. The 
pH was adjusted in the flotation cell by addition of 
either NaOH or H.SO,, the values reported being 
those of the pulp cooled to 25°C. During conditioning 
and flotation the pulp temperatures were controlled 
within 1° to 2° by immersion of Variac-controlled 
Calrod elements in the conditioning beaker and in 
the cell, and by the use of water, heated to the 
appropriate temperature, for transferring pulp, ad- 
justing pulp volume, and washing. 

Selectivity indexes have been calculated on the 
same basis as those reported in the article by Cooke, 
Iwasaki, and Choi.° 

Results: Table I gives the results obtained by 
floating deslimed ore A with pure oleic acid at 25° 
and 50°C, and Fig. 1 shows the selectivity indexes 
plotted against pH of flotation. Inspection of Table I 
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reveals that the marked enhancement in selectivity 
index at 50°C and at pH values of 5, 6, and 7 is 
due primarily to greater recovery of iron units in 
the concentrates, since grade of concentrate was not 
markedly affected. 

Fig. 2 shows the results obtained on the same ma- 
terial at 25°, 50° and 70°C using the equivalent of 
0.5 lb of pure oleic acid (A),* a fish oil fatty acid 
(S), impure elaidic acid (O), and a technical grade 
of oleic acid (J) per ton of ore. The relationship 
between temperature of flotation and selectivity in- 
dex for each of the four collectors is essentially 
linear, but the slopes of the curves differ for in- 
dividual fatty acids. Upon extrapolation, the curves 
for the first three acids intersect at 80°C and at a 
selectivity index of about 16.5. 

To ascertain the effect of degree of unsaturation 
and molecular configuration of the fatty acid col- 
lector upon selectivity at elevated temperature, a 
series of tests was made on deslimed ore A at 70°C 
and pH 6. The results, given in Table II, are plotted 
for the acids of known iodine value in Fig. 3 and 
should be compared with those given in Fig. 3 of the 
earlier paper. 

The 70°C curve does not have the strongly marked 
hump that characterizes the curve for flotation at 
room temperature; nevertheless there is a steady 
decrease in selectivity index from the maximum 
(with oleic acid) to the minimum (with linolenic 
acid). All selectivity indexes at 70°C are well above 
those given by the same acids at 25°C. 

The generally excellent results obtained on iron 
ore by conditioning and floating at elevated tem- 
perature led to a study of the flotation behavior of 
three saturated fatty acids with 18 carbon atoms in 

* The letters refer to the designation for these acids in Table I of 


the article by Cooke, et al.* and also in Table II of the present 
article 


\7 





INDEX 


SELECTIVITY 











pH OF PULP 


Fig. 1—The selectivity indexes and grades of concen- 
trates obtained by floating iron oxides from wash-ore 
tailing (ore A) with pure oleic acid at 25° and 70°C. 
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the chain, namely stearic, phenylstearic, and chloro- 
carbonated oleic acid.+ The structural formulas of 
these three acids and of oleic acid are given below: 


Stearic acid 


| 
CH, (CH.)- er rt * ‘eer (CH.), COOH 
| 


Phenylstearic acid © 


CH, (CH.); — C — C — (CH.),; COOH 


H 
| 
C 
/\ 
‘3 


Chlorocarbonated 
Oleic Acid 


ae 


CH, (CH,);—C - — (CH.); COOH 


/\ 


Oleic Acid 


CH, (CH.); > — (CH,); COOH 


—C = 
| 
H 


Stearic acid melts at 69.6°C; the remainder are 
liquid at room temperature. The selectivity indexes 
obtained on deslimed ore A with 0.5 lb of each of 
the acids per ton of ore at 25° and 70°C and at pH 6 
are given in Table III. It will be noted that at 70°C 
the selectivity indexes given by stearic and phenyl- 
stearic acids are very close to that given by pure 
oleic acid. 

Ore A, containing its original slimes, was com- 
pletely unresponsive to collection of the iron oxide 
minerals with fatty acids, irrespective of the addi- 
tion level of the collector. At low addition levels no 
froth developed; at high levels there was no selec- 
tivity, the entire ore charge floating. In view of the 
excellent results obtained with deslimed ore at ele- 
vated temperature, several flotation tests were made 
on undeslimed ore at 70°C. Flotation was performed 
at pH 6, using 0.25, 0.50, and 1.00 lb of impure 
elaidic acid§ per ton of ore. The results in Table IV 
show that reasonably good separations can be ef- 
fected at 70°C even though no separation occurs at 
25°C. A much more extended investigation should 
be made, however, to ascertain whether the method 
is generally applicable to iron ores containing either 
primary or secondary slimes and slimes of min- 
eralogical constitution and size distribution different 
from those occurring in ore A. 


+ Listed as acids 1, 2 and 3 respectively, in Table I of the pre- 
ceding paper.*® 


§ Acid O, Table II, and also Table I, Ref. 6. 
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Fig. 2—Relationship between selectivity index at pH 6 
and temperature of conditioning and flotation, using 
four fatty acids. Letters refer to acids in Table Il of 
present article and Table I of the preceding article. 


HALLIMOND TUBE TESTS 

Experimental: A Hallimond tube,” constructed 
for special laboratory tests, was operated under 
closely controlled conditions to obtain reproducible 
and quantitative results. The pore size of the 
fritted glass disk used for gas introduction ranged 
from 40 to 604. A specially constructed lucite- 
covered magnetic stirrer was used for agitation, and 
the bottom of the cell was designed to keep the 
fritted disk covered with a layer of mineral particles 
during flotation. 

Purified nitrogen was fed from a tank at a con- 
trolled rate, the flow rate in milliliters per minute 
having been determined as a function of pressure in 
terms of centimeters of water. Thirty-five milliliters 
of gas per minute was chosen as an optimum flow 
rate. To keep this uniform during flotation, a reser- 
voir tank was placed between the source of the gas 
and the flotation cell. This method is simple and 
rapid, permits close control of operating conditions, 
and yields highly reproducible results. Another de- 
cided advantage is that neither collector concentra- 
tion nor volume of pulp changes during a test. 

For the tests on hematite a high-purity specularite 
from the Itabira district of Brazil was chosen. After 
the dense lumps of ore had been crushed, dry- 
ground in a pulverizer, and dry and wet-screened, 
the 150/200-mesh fraction was separated for use. 
This was cleaned by leaching for a short time with 
hot dilute HCl, after which it was thoroughly rinsed 
with demineralized distilled water and then heated 
with 30 pct H,O, until the mixture effervesced vig- 
orously. The solids were finally washed thoroughly 
with demineralized distilled water. Hematite pre- 
pared in this way showed no tendency to adhere to 
air bubbles nucleated under high-purity water at 
reduced pressure, a sensitive test for surface con- 
tamination. For storage the mineral was transferred 


to clean pyrex bottles and was kept under water at 
all times during storage, transfer, and tests. 

Vein quartz from Montana was crushed, and the 
100/150-mesh fraction was leached in aqua regia 
and then washed 15 times with demineralized dis- 
tilled water. The quartz was stored under water 
until used. Identical Hallimond tube results were 
obtained with freshly leached quartz and with sim- 
ilar material that had been stored for three weeks. 

In Hallimond tube tests made at 25°C, 1 gm of 
quartz was conditioned for 30 min at pH 6 and pH 
11 in a 10-mg/l solution of calcium chloride 
(CaCl,-2H,O) in a 100-ml flask. The collector was 
then added as a soap and the quartz conditioned for 
1 hr by tumbling, the flask being completely filled 
with solution to prevent exposing the mineral to air 
prior to flotation. The mineral and solution were 
then transferred to the Hallimond tube, the pH being 
measured before and after flotation. At the con- 
clusion of a test, the flow of nitrogen was stopped 
and the concentrate and tailing were collected, 
dried, and weighed so that recovery could be cal- 
culated. A similar procedure was used with the 
hematite, the calcium-activating stage being omitted. 

For tests with quartz at 50° and 70°C, a 10-mg/] 
solution of calcium chloride was used for activation. 
The solution was transferred to a 100-ml flask con- 
taining the mineral under a small quantity of water. 
The flask was heated for 30 min at the desired tem- 
perature in a water bath, followed by soap addition 
and another 30-min conditioning at the desired tem- 
perature, with continuous agitation of the pulp dur- 
ing the entire hour. The pulp was then quickly 
transferred into the pre-heated Hallimond tube and 
floated, at a temperature maintained within +5° of 
the conditioning temperature. Except for omission 
of the activating stage, hematite was treated in the 
same manner. 

Since the pH changes with pulp temperature, a 
series of pH measurements was performed as a func- 
tion of temperature, using 3 x 10° M/1 of sodium 
oleate solution in which the pH was adjusted to 
about 6 and 11 at room temperature. The results are 
given in Table V. The true pH of the pulp at the 
temperature of measurement was obtained by mul- 
tiplying the pH scale reading by a factor F.” The pH 
values of the pulp were therefore adjusted to give 
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Fig. 3—The empirical relationship (u curve) be- 
tween the selectivity indexes, obtained by floating iron 
oxides from ore at pH 6 and 70°C, and the iodine 
values of the collecting acids. The lower curve rep- 
resents the mean results that were obtained at 25°C." 
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Table |. Flotation of Ore A, Deslimed at 20 », at 25° and 50°C, 
With Pure Oleic Acid and at Different pH Values 


Assay, Pet Distribution, Pct** 
Second Cleaner t Second Cleaner 
Concentrates Rougher Tails Cencentrates Rougher Tails 
Temper- Selectivity 


ature, °C Index* Fe Insol. Insel. Fe Insol. Fe Insol. 


7.97 Y 90.29 2.03 83.11 
10.17 : . : 92.52 , 78.51 
10.12 . . 93.07 § F 79.23 

9.56 ‘ 2.72 95.62 .59 65.33 

1.00 All ore floated 


12.14 x ‘ ; 94 70.79 
12.93 ‘ t . 94. 69.99 
14.28 96. 76.23 
9.97 1.61 97. 79.03 
1.00 All ore floated 

* Calculated from analyses of second cleaner concentrates; and of the composite, rougher tailings plus first and second cleaner mid- 
clings. 

** Computed from analysis of the whole ore, i.e., from the composited second cleaner concentrates, combined middlings, tailings, and 
the slimes. 








Table II. Selectivity Indexes at 25° and 70°C 
Using Various Unsaturated Fatty Acids 


Selectivity 
Index 


Name 25°C 70°C 


Oleic (pure) 14.99 
Technical oleic 14.02 
Elaidic (impure) 14.29 
Fish-oil acid . 5.12 14.24 
Linoleic (pure) d 3 10.30 
Linoelaidic (pure) 11.38 
Linoleic (conjugated) 9.32 
Trans-Trans conjugated 

linoleic 16.85 
Fish-oil acid 
Fish-oil acid 8.95 
Linolenic (pure) 8.85 


A 
J 

oO 
S 
Cc 
D 
E 
F 
H 
R 
G 








Table Ill. Selectivity Indexes Obtained at pH 6 with Three Saturated Acids 
and Oleic Acid at 25° and 70°C 


Assay, Pct Distribution, Pct* 


Second Cleaner Second Cleaner 
Concentrates Rougher Tailings Concentrates Rougher Tailings 
Selectivity 
Index P Insol. Fe Insol. Fe Insol. Fe Insel. 


Stearic - — 
Phenylstearic 5.01 51. 3. .80 87.64 6.90 21.81 
Chlorocarbonated oleic 4.43 : : a 88.52 . 20.60 
Oleic 10.17 4.57 92.52 2.18 14.43 


Stearic 14.15 b 3.38 94.47 J . 10.67 
Phenylstearic 14.91 85 § 3. 93.78 ’ ‘ 11.77 . 
Chlorocarbonated oleic 9.67 56.96 5.3 3. 94.18 Y 5. 9.13 76.36 
Oleic 14.99 60.72 : 2.50 95.67 . J 8.08 82.65 


* Computed from analysis of the whole ore, i.e., from the composited second cleaner concentrates, combined middlings, tailing, and the 
slimes. 
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the desired pH at the specified temperature of con- 
ditioning and flotation. 

Results: Effects of temperature on flotation of 
hematite at pH 6 in the Hallimond tube at 25°, 50°, 
and 70°C are given in Fig. 4. The concentration of 
soap in the solutions added to the barely water- 
covered mineral in the tube, hereafter designated as 
acid concentration, was equivalent to 3 x 10° M/l 
of pure linolenic, linoleic, oleic, elaidic, and stearic 
acids. The effect of temperature on recovery is not 
marked with the first four acids, for these are ob- 
viously excellent collectors for hematite at any rea- 
sonable temperature. Stearic acid gave a low re- 
covery (10.0 pct) at 25°C, but this increased to 97.5 
pet at 50°C and to 100 pct at 70°C. With all five 
acid collectors the rate of flotation increased very 
markedly with increase in temperature. 

The response of quartz to flotation at pH 6, in the 
presence of calcium ion (10 mg of Ca‘ per liter, 
original bulk concentration), at 25°, 50°, and 70°C, 
and at acid concentrations of 3 x 10° M/1 of pure 
linolenic, linoleic, oleic, elaidic, and stearic acids, 
is given in Fig. 5. Flotation was poor, but not neg- 
ligible, and decreased in the order linolenic > lino- 
leic ~ oleic and elaidic acids. Flotation at pH 6 is 
only slightly temperature-dependent with linolenic 
and linoleic acids, but with oleic and elaidic acids 
it decreases rather markedly as the temperature is 
increased. 


One test was made using 50 mg of Ca” and 10° 
M/1 of linoleic acid addition. Plotted as the upper 
curve in Fig. 5, the results show that at these in- 
creased reagent concentrations flotation of quartz is 
strongly temperature-dependent, particularly be- 
tween 25° and 50°C. 

It should be noted that clean quartz is not float- 
able at pH 6 in the absence of calcium or of any 
other polyvalent metal cation or of lithium, irre- 
spective of the fatty acid used. Addition of Ca™ at 
this pH permits flotation of only a low order of 
magnitude, but response increases with fineness of 
particle size. 

When the pH is increased to 11 or more, how- 
ever, quartz in the presence of Ca** becomes ex- 
tremely floatable with fatty acids. Fig. 6 gives the 
results of tests made at this pH using 10 mg/! of 
Ca** and pure linolenic, linoleic, oleic, elaidic, and 
stearic acid concentrations of 3 x 10° M/l. At 25°C 
effectiveness of the collectors decreases in the order 
linolenic ~ linoleic ~ oleic > elaidic ~ stearic. At 
50° and 70° both linolenic and linoleic acids give 
100 pct recovery of the quartz, but otherwise the 
above order remains the same. All the fatty acids 
investigated show a strong positive dependence of 
recovery upon temperature. It should also be noted 
that under the specified conditions elaidic acid is 
markedly inferior to oleic acid as a collector for 
calcium-activated quartz. 





Table IV. Flotation of Undeslimed Ore A at 70°C 


Assay, Pet 


Second Cleaner 

Concentrates 

Addition, 
Lb Per Ton 


Selectivity 


Index Fe Insol. 


60.25 
57.64 
56.29 


9.73 
13.10 
15.26 


* Computed from the analysis of the whole ore, i.e 
ature, °C 


Rougher Tailings 


Distribution, Pet* 


Second Cleaner 
Concentrates Rougher Tailings 


Insel. Fe Insol. Fe Insel. 


54.72 
3.96 
86.78 


32.64 
10.86 
9.81 


87.49 
82.77 
83.73 


, from the composited second cleaner concentrates, the combined middlings, and the 








Table V. Temperature Correction for Pulp pH 


Temper- 
ature, °C 


Multiplying 
Factor(F) 


25 
45 
65 


1.000 
0.937 
0.881 


Cor- 
rected 








Table VI. Contact Angle, in Degrees, for Hematite (pH 6) and Activated Quartz (pH 11), 
as a Function of Temperature 


Linelenie Linoleic 
Temper- 
ature, °C Hematite Quartz Hematite Quartz 


25 
50 
70 


75 
77 
80 


66 
57 
50 


69 
59 
51 


80 
82 
81 


Oleic 


Hematite 


Elaidic Stearic 


Quartz Hematite Quartz Hematite Quartz 


43 81 
34 (45°C) 92 
22 103 
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CONTACT ANGLE TESTS LINOLENIC 

Brazilian specularite and Montana vein quartz | LINOLEIC \. 
were used for the contact-angle tests. The mineral oy 
specimens were mounted in lucite, the testing sur- 
faces being polished and handled in such a way that 
they gave no observable contact angle or cling when 
tested with an air bubble, in either distilled water 
or in calcium chloride and sodium hydroxide solu- 
tions. The polished surfaces of the minerals were 
inverted to prevent interference by accumulation of 
precipitates formed by reaction between the re- 
agents. The captive bubble, ranging up to 2 mm 
diam, was thus brought up to the face of the speci- 
men. For measurements at 25°C the hematite spec- 
imen was suspended in the required amount of so- 
dium soap solution at pH 6 and after a lapse of 3 
min was tested by pressing a bubble against it for 
100 sec. This procedure was repeated for at least 
four other places on the mineral surface, the value 
of the contact angle, if any, being read by a rotat- 
able filar ocular fitted with a circular scale. Similar 
tests were made at 50° and 70°C, +5°, by heating 
the soap solutions to the desired temperature in a 
constant-temperature water bath and then quickly TO 10% RECOVERY 
transferring to the pre-heated bubble cell. The tem- ZAT_25° | 
perature correction for pH values were made as 20 40 60 
described above under Hallimond Tube Tests. 

For contact-angle measurements on calcium-ac- TEMPERATURE , °C 
tivated quartz, solutions of CaCl,-2H,O containing 
10 mg/l of Ca were mixed with the same volume Fig. 4—Temperature effect on hematite recovery at pH 
of solutions containing 3 x 10° M/I of each of the 6 in Hallimond tube. Collector concentration, 3x10“ M/I. 
respective sodium soaps. The pH of the mixture was 
then adjusted to pH 11 by addition of NaOH. The 
water-covered and clean quartz specimens were then 
transferred to the mixture in the bubble cell. The 
procedure followed was otherwise identical to that 
used for the hematite. 

Results: Table VI and Fig. 7 give the results for 2 4 
hematite at acid concentrations of 3 x 10° M/1 of \ LINOLEIC ACID AT 10 
pure linolenic, linoleic, oleic, elaidic, and stearic AND Ca’ AT 5Omg/t 
acids and show that the contact angle with the first 
four acids is practically independent of temperature 
within the stated range. With stearic acid, however, 
the contact angle increases markedly with temper- 
ature. It was observed that an equilibrium contact 
angle was established almost instantaneously with 
linolenic, linoleic, and oleic acids, but that the proc- 
ess was considerably slower with elaidic and stearic 
acids. In the case of elaidic acid, contact angles of 
98° at 50°C and 101° at 70°C were measured after 
100 sec of contact time, but both values decreased 
to a constant value of about 90° within a few min- 
utes. Conversely, stearic acid gave 27° at 25°C after 
100 sec of contact, but this gradually increased to 
50°C at 180 sec, finally becoming constant (81°C) 
at the end of 30 min. 

Table VI and Fig. 8 show that the contact angle 
for calcium-activated quartz at pH 11 decreases with 
increase in temperature, irrespective of the acid 
employed as collector. 


OLEIC ACID 
EFFECT OF TEMPERATURE ON 
FROTHING CHARACTERISTICS ELAIDIC ; a 


During batch flotation tests made on deslimed 
iron ore at elevated temperatures, it was observed 20 40 6 oO 
that the froths, quite unlike those in tests made at 
25°C, consisted of large and heavily mineralized TEMPERAT URE OF PULP 
bubbles having some of the characteristics of so- (°C) 
called dry froths. It was also evident that the rate 
of flotation was very much greater than for tests Fig. 5—Effect of temperature on recovery of calcium- 
made at room temperature under otherwise identi- activated quartz at pH 6. Calcium, 10 mg/l; collector, 
cal conditions. The circumstances of dry froths and 3x10“ M/l. Uppermost (dotted) curve described in text. 
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accelerated rates of flotation were particularly no- 
ticeable for the three tests made on slime-contain- 
ing ore, reported in Table IV, compared with tests 
made at 25°C on the deslimed ore. 

During the progress of the investigations reported 
here and in the earlier article by Cooke et al.* some- 
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Fig. 6—Showing the effect of temperature on the recov- 
ery of the calcium-activated quartz when the pH is in- 
creased to 11. Calcium, 10 mg/l; collector, 3x10~ M_/1. 
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30 50 70 90 


TEMPERATURE OF SOLUTION 
(°C) 
Fig. 7—Showing the contact angle for hematite at pH 6 


as a function of the temperature. The collector concen- 
tration is 3x10~° M/I of the respective fatty acids. 


what different frothing characteristics were ob- 
served with different fatty acid collectors, and a 
determination was made of the frothabilities of the 
available pure acids in the absence of solids. A 
simple agitation method was employed in which the 
froth height produced above a solution of the fatty 
acid or its soap, following a standardized shaking 
procedure, was taken as a measure of frothability. 
Although most of the results were obtained at room 
temperature and will be reported elsewhere, one set 
of data was obtained at a concentration of 10° M/1] 
of oleic acid over a wide pH range at 25°, 45°, and 
65°C. These data, plotted in Fig. 9, show that froth- 
ability increases with temperature. It was also noted 
that bubble size was greater at higher temperature 
and, significantly, that the froth column contained 
less interbubble fluid. The latter observation is at- 
tributable to more rapid drainage due to lowered 
viscosity and is perhaps a contributing factor to en- 
hanced selectivity of flotation at high temperature. 

That the method of determining frothability de- 
scribed above is relatively insensitive is indicated 
by the very low values given at pH 6 (Fig. 9), al- 
though most of the tests involving flotation of iron 
oxides reported here were made at this value and 
were accompanied by excellent froths. 


DISCUSSION 


The observed increase in selectivity index when 
iron ores are floated at temperatures substantially 
above 25°C are due to a combination of favorable 
factors, some of which are empirically established 
in the present article. 

Because of increased ionic mobility, conditioning 
at elevated temperatures decreases the time required 
for attainment of adsorption equilibria. The long 
chain aliphatic acids are believed to have similar 
dissociation constants (about 10°), and although it 
has been stated that variation of these constants 
with temperature is small,” the solubility of the 
acids in water increases with temperature, and the 
net result is that the concentration of the collecting 
ion also increases. 

Hematite and goethite float readily with fatty 
acids over a broad pH range, but to effect a separa- 
tion of these minerals from quartz in the presence 
of activating ions either released by the ore® or 
already present in the water, and in the absence of 
specific sequestering reagents, flotation must be per- 
formed at about pH 6. At this pH value the concen- 
tration of fatty acid ions is small, but as stated above, 
increased temperature should partly compensate for 
this. 

As demonstrated by the Hallimond tube tests, 
flotation of hematite and of calcium-activated quartz 
are, respectively, positively and negatively temper- 
ature-dependent at pH 6, so that increase in tem- 
perature of flotation should enhance selectivity. It 
is also significant that at pH 6 and at any given 
temperature linolenic, linoleic, oleic, and elaidic 
acids are almost equally effective collectors for 
hematite but decreasingly effective collectors for 
quartz in the order given. 

The data obtained with the Hallimond tube and 
with the contact-angle measurements present some 
interesting comparisons. From Fig. 7 the equilibrium 
contact angles developed on hematite with the five 
acids indicated are such that floatability should be 
excellent over the entire temperature range. Fig. 4, 
however, shows that although recovery was excel- 
lent with four of the acids, that with stearic acid 
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was strongly temperature-dependent and was com- 
plete only at 70°C. It was also observed that at 25°C 
the flotation time needed to give 98+ pct recovery 
with oleic and elaidic acids was ten times greater 
than that required to give 99+ pct recovery with 
linolenic and linoleic acids. A possible controlling 
factor is a shorter induction time at high temper- 
ature. When a mineral particle collides with an air 
bubble in a flotation pulp, the thin film of liquid 
between the bubble and the particle must withdraw 
before contact can be established. This withdrawal 
requires a definite lapse of time, called the induction 
time. If the water film cannot recede rapidly enough 
during the collision, no contact will be established 
between the bubble and the particle. When the in- 
duction time is high, therefore, little or no flotation 
will occur, even if a large contact angle is obtainable 
under equilibrium conditions. It is suggested that 
the induction period is dependent on the diffusion 
rate of the collector at the three-phase contact, the 
viscosity of the pulp, and the structure and degree of 
unsaturation of the fatty acid collector. The first 
two factors are strongly temperature-dependent, 
and should contribute positively to the efficiency 
of flotation at elevated temperatures. 

As shown in Fig. 8, the equilibrium contact angles 
developed on calcium-activated quartz at pH 11 are 
negatively temperature-dependent and are con- 
siderably less than the corresponding angles for 
hematite, although their order of magnitude, irre- 
spective of temperature, is enough to provide good 
flotation. It may be speculated that the temperature- 
dependence is due either to diminished calcium ad- 
sorption at elevated temperature, or to a lower cal- 
cium-soap solubility, or to a combination of both 
factors. Fig. 6, which gives recovery of calcium-ac- 
tivated quartz at pH 11, shows, however, a positive 
temperature-dependence, in apparent conflict with 
the results of Fig. 8. Apparently the effects of de- 
creased induction time at elevated temperature, as 
described above, outweigh effects of decreased con- 
tact angle, and flotation rate is thereby increased. 
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Fig. 8—Contact angles: calcium-activated quartz, pH 11. 
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Fig. 9—Oleic acid frothability at varying pH and °C. 

Contact angles on calcium-activated quartz at pH 
6 are too small to be measured, but it is presumed 
that they decrease with temperature just as the re- 
coveries of Fig. 5 decrease. If this is true, then sur- 
face coverage at pH 6 becomes more important than 
induction time. 

It is evident from the data presented in this ar- 
ticle and from the foregoing discussion that the im- 
proved selectivity obtained in iron ore flotation at 
elevated temperature with all fatty acids inves- 
tigated is due to contributions made by a number of 
favorable factors, the most important of which are: 
an accelerated rate of flotation of iron oxides com- 
pared with quartz, a decrease in floatability of quartz 
fortuitously activated at pH 6, and improved and 
more selective frothing characteristics. 





This article is condensed from a thesis submitted by 
H. S. Choi in partial fulfillment of the requirement 
for the degree of Doctor of Philosophy, University 
of Minnesota. The work was sponsored by the Fish 
and Wildlife Service, U. S. Department of Interior, 
as part of a comprehensive investigation of utiliza- 
tion of marine fish oils. The authors acknowledge 
with thanks the assistance of M. E. Stansby, Chief, 
Pacific Coast Technological Research, Bureau of 
Commercial Fisheries, and staff; W. O. Lundberg 
and staff of the Hormel Institute, University of Min- 
nesota; H. H. Wade and V. E. Bye of the Mines Ex- 
periment Station, University of Minnesota. 
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Engineering Conf. 
Scheduled at Ann Arbor 


The University of Michigan College 
of Engineering announces as part of 
its Engineering Summer Conferences 
two intensive courses which it feels 
are of special interest to practising 
engineers. 1) Topics in Multiphase 
Flow to be held from June 22 to July 
1 covers recent developments in fun- 
damentals of the mechanics of multi- 
phase flow which have permitted 
better understanding of mechanisms 
and processes controlling the per- 
formance of operations in which 
multiflow occurs. In widely different 
applications ranging from the opera- 
tion of nuclear reactors to simultan- 
eous transport of oil, gas, and water 
through a common pipe, new meth- 
ods, new equations, solutions, and 
correlations are now available to aid 
the operating engineer, the de- 
signer, or the research scientist. The 
course will permit the practicing 
engineer to review present know- 
ledge and bring him up to date with 
recent advancements in the field. 
Address requests for further inform- 
ation about the course to: Prof. M. R. 
Tek, 2028 East Engineering Bldg., 
University of Michigan, Ann Arbor, 
Mich. 2) Applied Mathematics for 
Chemical and Metallurgical Engi- 
neers to be held July 11 to 20 covers: 
a brief review of differential equa- 
tions; formulation of partial differ- 
ential equations; Laplace transform- 
ation; orthogonal functions—Fourier 
series; separation of variables; Bes- 
sel functions; finite differences equa- 
tions; and numerical solution of par- 
tial differential equations. Notes 
containing the lecture material and 
example problems will accompany 
the course. Address requests for 
further information about the course 
to: Dr. Keith H. Coats, Dept. of 
Chemical and Metallurgical Engi- 
neering, 2028 East Engineering Bldg. 
Applications for enrollment in either 
course, accompanied by check or 
purchase orders ($200 each), should 
be sent to R. E. Carroll, Engineering 
Summer Conferences, 126 West En- 
gineering Bldg. 


EJC Elects Dr. Holbrook 


The Engineers Joint Council re- 
cently announced the election of 
George E. Holbrook as vice president, 
succeeding Cecil Bolting who has 
resigned. Prior to his election, Dr. 
Holbrook has served as a member of 
EJC’s board of directors, executive 
committee, and planning committee. 
Dr. Holbrook is a vice president, 
director, and executive committee 
member of E. I. du Pont de Nemours. 
He has been associated with the com- 
pany since 1933 with the exception 
of service with the National Produc- 
tion Authority in 1952. At du Pont 
he has held many posts of responsi- 
bility prior to his present position 
which he attained in 1958. 





Coal Division-St. Louis Section Meet in Fall 


Members of the St. Louis Section 
look forward to meeting you in St. 
Louis at the Joint Conference of the 
St. Louis Section, AIME, and the Coal 
Division, SME, September 8 and 9 
at the Chase Park Plaza Hotel. Plans 
for the conference are well under 
way, W. A. Weimer, general arrange- 
ments chairman, reports. The tenta- 
tive pregram will appear in the June 
issue. 

The initial planning meeting took 
place January 19th in the board 
room of the Peabody Coal Co. 
Among those present were: F. S. 
Elfred, Peabody Coal Co.; S. L. Jew- 
ell, Peabody Coal Co.; W. A. Weimer, 
Peabody Coal Co.; H. C. McCullom, 
Peabody Coal Co.; E. E. Quenon, 
Peabody Coal Co.; H. O. Zimmer- 
man, Inland Steel Co.; Geo. E. 
Keller, U. S. Steel Corp.; Gordon 
Bell, Alcoa; V. W. Buys, Mine Safety 
Appliances Co.; John Ong, Wash- 
ington University; John C. Fox, 
SME; H. N. Appleton, AIME; and 
J. D. Reilly, M. A. Hanna Co. 


Committees responsible for the 
conference arrangements were set 
up at that time. W. A. Weimer was 
named general arrangements chair- 
man; James D. Reilly, general pro- 
gram chairman, and S. Lewis Jewell 
is the publicity chairman. The com- 
mittees are: finance, F. S. Elfred and 
H. Eugene Mauck; treasurer, Wayne 
Basler; luncheon and trip committee, 
Eugene Quenon and W. A. Weimer; 
social hour and stag dinner-smoker 
committee, Norl Hamilton, Joe 
Quinn, Albert Massmann, and Ivan 
O’Loughlin; technical sessions meet- 
ing committee, Roland Marquart and 
C. Kremer Bain. 

In addition to the conference pro- 
gram itself, the hosts point out that 
St. Louis has many attractions to 
offer those who plan to attend. You 
can see an old-time melodrama 
aboard the last showboat on the 
Mississippi, the Goldenrod. Famous 
Forest Park includes in its confines 
many of the city’s cultural and 
recreational facilities. Here is St. 
Louis’ popular zoo open the year 
round. The botanical garden, mod- 
elled after Kew Gardens, England, 
contains the largest collection of 
plant life in the western hemisphere. 
Here too is the city art museum and 
the Jefferson Memorial Building. 

St. Louis is an old city proud of 
its past and you can still see some 
of its historic buildings including the 
old courthouse of St. Louis County 
and the old cathedral, 1831 to 1834. 
The city’s oldest building, the Rock 
House, was built in 1818 as a fur 
trading post and was restored by the 
National Park Service in 1941. 

Beyond doubt, there will be plenty 
to do for everyone who accepts the 
invitation “Meet me in St. Louie”— 
September 8 and 9. 


“8 tenc, 


City’s bridge approach. Foreground: Vet- 
erans Memorial Bridge; rear, Ead Bridge. 


Solid Fuels Conference 
To Be Held in October 


The 23rd Annual ASME-AIME 
Joint Solid Fuels Conference will be 
held October 24 and 25 at the Daniel 
Boone Hotel in Charleston, W. Va. 
The theme of the conference will be 
Economics in the Production and 
Utilization of Coal. This is an ex- 
tremely timely and vital topic to 
the people of coal producing states 
inasmuch as their economy is af- 
fected by the coal business. The 
conference is sponsored by the Fuels 
Division of The American Society 
of Mechanical Engineers and the 
Coal Division of the Society of Min- 
ing Engineers of AIME. 


Off-the-Record Meeting 


The 15th Annual Off-the-Record 
Meeting of the Pittsburgh Section 
and the Pittsburgh Section of the 
National Open Hearth Committee 
will be held November 4 at the 
Penn Sheraton Hotel in Pittsburgh. 
During the day technical sessions 
will be conducted by the NOHC, 
Institute of Metals Group, Petroleum 
Subsection, Coal Division, and Min- 
eral Industries Subsection. There 
will be an informal luncheon, a 
cocktail hour, and a banquet follow- 
ing. A dinner-dance is planned for 
the preceding evening, November 3. 


Grenoble Meeting Set 


An international symposium on 
Physics of Electrostatic Forces and 
Their Applications will be held in 
Grenoble, France, from September 
27 to October 1, according to the 
announcement of the secretary, Noél 
Felici. The symposium is sponsored 
by the Laboratorie d’ Electrostatique 
et de Physique du Métal, University 
of Grenoble. Subjects to be treated 
in detail are electrostatic sorting, 
electrostatic precipitation, electro- 
static projection, and electrostatic 
generators and motors. 
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Closing mechanisms... 

manval handwheel; handwheel 
with chain and sprocket 
reduction vnit; electric worm geor 
motor reducer; chain operated 
torque arm reducer; hydraulic; 
oir-hydraulic. 


WRITE FOR NEW CATALOG... 


Manufacturing Division 


MINE AND SMELTER SUPPLY CO. 


3800 RACE STREET + DENVER, COLORADO 
OFFICES AND AGENTS IN PRINCIPAL CITIES 
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Reclaiming Ore By Remote Control | Recent Developments on 


New Engineering Center 
SAUERMAN DRAGSCRAPERS 


HAUL 2300 TONS PER HOUR “Every phase of construction of 

a ad : the United Engineering Center is on 
schedule or a little bit ahead,” that’s 
the report from the construction site 
at 47th Street and United Nation’s 
Plaza in New York. 

Steel erection was scheduled to 
begin early in May. 

Meanwhile, in the fund-raising 
campaign for the Center, returns at 
the end of April show that the 
American Institute of Consulting 
Engineers has joined tne American 
Institute of Chemical Engineers in 
having achieved 100 per cent of its 
quota, and the American Institute of 
Industrial Engineers has reached the 
89 per cent mark. 

The four societies with highest 
quotas remaining to be achieved, had 
reached, on April 29 the following 
percentages of their quotas: 

ASCE 93 per cent achieved 

AIEE 92 per cent achieved 
TAIL TOWER ASME 85 per cent achieved 

AIME 176 per cent achieved 

The industrial campaign, has 
achieved approximately $4,920,000, 
in gifts and pledges. 

Details of construction specifica- 
tions recently made public by United 
Engineering Trustees reveal that 
the exterior of the structure will be 
sheathed in stainless steel and glass, 
with the exception of the west side 
sie which will be covered in limestone. 
CONVEYOR Window washing will be facilitated 


BRIDGE (Continued on page 504) 





One of two DragScraper Machines reclaiming from storage piles of an 
African mining company. 














DUPLEX 
HEAD POST 

















Layout of ore piles and Saverman installations. The 6-yd. Crescent Scraper Buckets 
operate between two movable tail towers and a duplex head post. 


At this African installation, two 6-yd. DragScraper Machines reclaim 
ore at 2300 tph. on average hauls of 125 ft. They feed a common 
hopper which supplies a belt conveyor system used to load the ore 
onto ships. The Scrapers can be worked from the same pile or shifted 
to opposite ends of the 100,000-ton storage area by means of two tail 
towers which travel the perimeter. Both buckets and tail towers are 
remotely controlled. 

Ore from the mine is conveyed to a traveling bridge where a tripper 
line conveyor places the ore on the stockpiles. Although the ore 
becomes sunbaked and forms crusts up to five feet thick, the Scraper 
Buckets operate without difficulty. 

DragScraper Machines are economical handlers of bulk material 
for both indoor and outdoor installations. Sizes from % to 15 yds. 
match your requirements. Write or call for our recommendations and 


further information. The first steel column for the new United 


Engineering Center was put in place the 
648 SO. 28th AVE end of April. Thirty-three hundred tons 


BELLWOOD, iLL. of steel eventually will be used for the 

BROS., INC. Linden 4-4892 all welded frame supporting the glass 

Cable: CABEX—Bellwood, II. curtain walls. The building is scheduled 

Geescent DragScrapers + Slackline and Tautline Cobleways » Duroite Blocks for completion in mid 1961; all phases 
of construction are on schedule now. 
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Dear Members of IndMD: 

The world’s Population Explosion 
has recently been the subject of 
much discussion and, in some circles, 
much controversy. Its impact on the 
mining industry may not be fully 
appreciated by operators in remote 
or sparsely settled regions, but coal 
and industrial mineral operations in 
or near mushrooming suburbs are 
aware of its impact. 

A recent issue of the California 
Div. of Mines’ Mineral Information 
Service points out that California's 
population is increasing by a half 
million annually. This growth means 
new homes, roads, industrial and 
municipal facilities, creating an in- 
creased demand for the various 
mineral raw materials used in con- 
struction. 

Despite the dependency on mineral 
raw materials, the metropolitan 
growth often brings the mining op- 
erator into conflict with the com- 
munity. The operator finds himself 
inside the city limits and subject 
to city ordinances. The mining oper- 
ation is often considered a nuisance 
and is subjected to pressures to re- 
strict loads and speeds of trucks, 
limit hours of operation, and to 
control dust. 

The article points out that form- 
erly new deposits could be found 
still within an economical hauling 
distance but such is not always the 
case today. Readily accessible de- 
posits have been depleted, zoned 
out of existence, or submerged by 
urban expansion. As a result, raw 
materials are now trucked as much 
as 40 miles to the consuming areas 
at considerable extra cost to the 
consumer. 

The article cites a number of in- 
stances where judicious planning 
can provide both wise land use and 
conservation of mineral resources. 
Careful planning is needed and civic 
planning bodies must be acquainted 
with the idea of preserving mineral 
lands as well as preserving lands for 
recreation, wildlife, agriculture, and 
other uses. 

Mining operations have often 
created valuable building sites in 
otherwise unsuitable areas. The 
quarry which produced the fill for 
San Francisco’s airport is now a 
housing development. In the Mid- 
west a stone quarry was flooded to 
make a lake and trees and shrubs 
were planted around it. 


The mineral producer must co- 
operate with local government and 
the general public and work toward 
careful zoning to protect mineral 
lands and to provide for the most 
effective ultimate use of all lands. 


Editor's Note 

Along this line, Dick Lund and 
Leon Dupuy are organizing a ses- 
sion Conflicting Interests in Ex- 
ploitation of Industrial Minerals for 
our meeting next year in St. Louis. 
They hope to look closely at the 
serious conflicts faced in utilization 
of mineral bearing lands in the fu- 
ture through competition in their 
use by municipal expansion (zoning 
regulations, etc.), highway locations, 
reservoir sites, and so on. Both Dick 
and Leon have had considerable ex- 
perience in this field; they will wel- 
come any and all help in putting the 
program together. 





Manufacturers Since 1885 


Executive Committee of IndMD 
The next meeting is called for 
2:00 pm, June 20, 1960, AIME Board 
Room, 29 W. 39th St., New York. 
Agenda and proxy cards will be 
mailed out at least two weeks prior 
to the meeting —R. H. Feierabend 


AIME Secretary Was 
Honored by Alma Mater 


Ernest O. Kirkendall, AIME Sec- 
retary, was honored by his alma 
mater, Wayne State University at 
its 92nd Alumni Reunion on May 14. 
Dr. Kirkendall, who received a B.S. 
from Wayne in 1934, was cited to- 
gether with three other alumni dur- 
ing the Sheraton-Cadillac Hotel re- 
union in Detroit. The Alumni 
Award placed in Dr. Kirkendall’s 
hands was in the form of a framed 
certificate and separately bound ci- 
tation. 





HIGH CAPACITY CRUSHERS 


FOR THE LOWER COST PRODUCTION = UNIFORMLY CRUSHED ROCK, ORES, MINERALS AND 


GRAVEL. Shown here are four types o 
product and hourly tonnege required 


Heovy duty IMPACT CRUSHERS with Treveling 
Feeder Type Breaker Plate. For run of mine 
beuxite, ore or sticky shale or limestone for- 
motions. 


a | 


Heavy duty Roller Beor 9 ROLL 
CRUSHERS for Me — of moist ores, 
asbestos rock, shale, mica, etc. 


in o wide ro of sizes and capacities. Write 
us for information ond stote the nature of the meotericls te be crushed 


, the sizes of finished 


Heavy duty JAW pos sa pd ~ Roller 
Beor 


ings, end Adjustable Ya Fa Jews 
with Potented Hydroulic sum” Joc 
ment. For primeory crushing of herd € .- 


Heavy duty Roller Bearing TWIN ROLL 
CRUSHERS. + secondary crushing to finer 
eggregate sizes 


Manufacturers pier Engineers of Reduction and Material Handling Equipment. 


GRUENDLER CRUSHER & PULVERIZER CO. 


Dept. ME-560 


2915 N. Market St., 


St. Louis 6, Mo. U.S.A. 
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;DENVER 
"} INSTALLATIONS 
7 CUT SLUSHING AND 
Now handling " : 5: HOISTING COSTS 


Wite forinformotion | ~~ IN SMALL MINES 


ee ee 


A trouble-free push-button remote control system for two single drum trench- 
loading 25 HP Vulcan Slushers, and a 20,000 Ib. rope pull Semi-Automatic 
Vulcan Hoist operating a Vulcan Automatic Bottom Dump Skip in a circular 
concreted shaft, bring automation to small and medium tonnage mining. The 
low cost of the Vulcan Control System is more than offset by operating effi- 
ciency, labor savings and low maintenance. 


We are prepared to engineer these features into your present mining operation 
or to a future plan. 
Write for complete details 


and literature. 


In Denver Since 1891 





Wulcan 
IRON WORKS CO.) ENGLEWOOD, COLORADO 


2960 SOUTH FOX STREET 
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New Building 
(Continued from page 502) 


through a motorized scaffold, sus- 
pended from the roof. 

The lobby, with the main entrance 
on 47th Street, will be walled in 
marble with floors of terrazzo. Two 
corridors lead from the lobby to 
meeting rooms and dining rooms on 
the first floor. On the east side, a dis- 
play area of 6,235 square feet will 
feature ceiling height windows. Ap- 
proximately half the ceiling height 
will be 15’ with the other half rising 
22’3”. Movable partitions in this area, 
as well as in meeting rooms and din- 
ing rooms will permit adaptation of 
space to special purposes. 

Elevators, along the west wall, 
will be capable of speeds of 700 feet 
per minute. Four elevators will be 
installed to meet present needs, with 
provision for two more in the future 
if needed. 

Provision for future expansion of 
office space has also been made on 
the northwest side of the building. 
The expansion could add as much as 
8,500 square feet of floor space from 
the 3rd to the 8th floors and 6,000 
square feet from the 9th to the 12th. 

Altogether, the Center will rise 
283 feet above street level, including 
eighteen floors of office space and 
two of mechanical equipment. A 
basement provides space for dining 
room seating 350, serving counter 
and an employes’ lounge. Other 
basement space is devoted to 
kitchen, mechanical and electrical 
equipment, and maintenance facili- 
ties. 

The Engineering Societies Li- 
brary and Engineering Index will 
be housed on the second floor, with 
reading room facilities for 74 per- 
sons at a time and stack facilities 
(including a small elevator) for an 
ultimate capacity of 225,000 volumes. 


Chicago Site of Meeting 


The Eighth Annual Engineering 
Management Conference, sponsored 
by seven professional engineering 
societies, will be held September 15 
and 16 at the Morrison Hotel in 
Chicago. The subject of the confer- 
ence will be Managing Tomorrow. 

The conference will be divided 
into four parts. The first morning 
will be devoted to a discussion of 
Impinging Forces, setting the stage 
by identifying major forces and in- 
fluences bearing upon 1) the national 
welfare, 2) private industry, 3) 
availability of raw materials, and 4) 
resources and technology. The sec- 
ond session will discuss New Re- 
quirements and New Aids for Man- 
agers; Impact on Professional People 
will be the subject of the third 
session; and the final session will 
discuss the Impact on Education. 

A luncheon address has been 
scheduled and the banquet address 
will be given by Peter F. Drucker. 





ROCK IN THE BOX 


Mining & Exploration Division 


Unit Committees Serve Field of Interest of M&E Division Members 


DR 


R. M. STEWART J. J. REED 


Under the Bylaws of the Mining 
& Exploration Division, the Unit 
Committees handle the special inter- 
ests of the Division members-— 
underground and open pit mining, 
geology, geophysics, and geochem- 
istry. Under the direction of each 
Unit Chairman, the various com- 
mittee men handle such areas as 
publications, programs, and mem- 
bership as they apply to the special- 
ized field of the Unit. 

Rock in the Box, this month, in- 
troduces you to your Unit Commit- 
tees. Biographical data and pictures 
are included where supplied. Names 
and addresses are given for all com- 
mittee men so far named for 1960-61. 
Remember, the Units most reflect 
the activities in your field of interest. 
Each of these men will welcome your 
comments, suggestions, and, of 
course, any offers of assistance! 
Don’t hesitate to write them. 


Underground Mining 


Richard Maclin Stewart, chairman, 
is director of mining research for 
The Anaconda Co. He is a graduate 
of the Colorado School of Mines. 
Prior to World War II he worked as 
a miner and surveyor. He served as 
an officer in the Corps of Engineers 
during the war. He went with 
Climax and then to Anaconda in 
1948. Address: Anaconda Co., Butte, 
Mont. 


John J. Reed, program chairman, is 
head mine research engineer for St. 
Joseph Lead Co. He received his 
B.S., M.S., and Ph.D. from the Uni- 
versity of California. It was in 1955 
that he joined St. Joseph Lead Co. 
Prior to that he worked in Chile for 
Braden Copper Co. starting as a 
mine shift boss. From 1951 to 1955 
he was at the University of Cali- 
fornia as lecturer and research engi- 
neer. Address: St. Joseph Lead Co., 
Box 32, Bonne Terre, Mo. 


S. W. HURLBUT 


W. H. WESTPHAL 


Stewart W. Hurlbut, publications 
chairman, is senior research engineer 
with the Anaconda Co. He has been 
with the company since 1948. Mr. 
Hurlbut studied geology at the Uni- 
versity of Wisconsin. Address: Ana- 
conda Co., Butte, Mont. 


John M. Petty, membership chair- 
man. Address: Climax Molybdenum 
Co., Climax, Colo. 


Open Pit Mining 
Hugh J. Leach, chairman. Address: 
Cleveland-Cliffs Iron Co., Ishpeming, 
Mich. 
Marvin E. Johnson, program chair- 
man. Address: Oliver Iron Mining 
Div., U.S. Steel Corp., Hibbing, Minn. 


Geology 
Roger H. McConnel, chairman. Ad- 
dress: The Bunker Hill Co., Box 29, 
Kellogg, Idaho. 


Herbert E. Harper, program chair- 
man. Address: Hecla Mining Co., 305 
Fidelity Bldg., Spokane, Wash. 

Earl Cook, publications chairman. 
Address: Dean, College of Mines, 
University of Idaho, Moscow, Idaho. 


Geophysics 

Warren H. Westphal, chairman, at- 
tended Colorado School of Mines and 
Columbia College, from which he 
graduated in 1947. He is currently 
senior geophysicist at Stanford Re- 
search Institute. Address: Dept. of 
Earth Sciences, Stanford Research 
Institute, Menlo, Park, Calif. 


Don A. Hansen, program chairman, 
is consulting geophysicist in his own 
company, Hansen Associates. He 
received his B.A. from Brigham 
Young University in 1948, and his 
Ph.D. from the University of Cali- 
fornia in 1953. He has worked for 
United States Steel Corp., World 
Mining Consultants, and Bear Creek 
Mining Co. Address: Hansen Associ- 


D. A. HANSEN 


3 


R. W. WHIPPLE F. C. CANNEY 


ates, 445 East 2nd St. South, Salt 
Lake City, Utah. 


W. C. Kellogg, publications chairman. 
Fairchild Aerial Surveys Inc., 224 
East llth St., Los Angeles 15, Calif. 


Ross W. Whipple, membership chair- 
man, received his B.S. in physics 
from the University of Utah in 1947 
and his M.S. in geophysics in 1949. 
In 1953 he joined the raw materials 
exploration department of Colum- 
bia-Geneva Steel Div. of U. S. Steel 
Corp. as geophysicist. He is presently 
working in the general office in San 
Francisco. Address: Columbia Steel 
Div., United States Steel Corp., 120 
Montgomery St., San Francisco 6, 


Calif. 
Geochemistry 


Frank C. Canney, chairman, has 
been with USGS in Denver since 
1951. He received his B.S. degree in 
chemistry from MIT in 1942 and his 
Ph.D. in geology in 1952. From 1948 
to 1951 he was research assistant in 
the department of geology at MIT. 
Address: U. S. Geological Survey, 
Bldg. 25, Federal Center, Denver, 
Colo. 


Douglas R. Cook, program chairman. 
Address: Bear Creek Mining Co., 
2121 So. State St., Salt Lake City, 
Utah. 


Lyman C. Huff, publications chair- 
man. Address: U. S. Geological Sur- 
vey, Denver Federal Center, Denver, 
Colo. 


P. A. Meyer, Jr., membership chair- 
man. Address: American Metal Cli- 
max Inc., 1845 Sherman St., Denver 
3, Colo. 





EDITOR 
John C. Chandler 


American Metal Climax Inc. 
1270 Ave. of the Americas 
New York 19, New York 
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A roid the Sections. 


e The St. Louis Section heard a talk 
and saw a film on Project Mecury— 
Manned Orbital Capsule at their 
February 5 meeting at the Hotel 
York. The speaker was Richard A. 
Fitzgerald, customer service repre- 
sentative, McDonnell Aircraft Corp. 
Mr. Fitzgerald is a graduate of the 
U.S. Military Academy, West Point 
and has been associated with the 
army. He outlined some of the plan- 
ning and preparation that had gone 
into the vehicle that will carry the 
astronauts around the earth. 


@ New officers for the Alaska Sec- 
tion are: Douglas W. Huber, chair- 
man; Donald J. Cook, vice chairman; 
and Bruce I. Thomas, secretary- 
treasurer. 


e The Washington, D.C., Section 
held its 34th annual oyster party at 
the Broadmoor Apartment Hotel, 
February 2, where oysters—raw, 
stewed, panned, and fried—provided 
a Lucullan feast for those attend- 
ing. 


e The Ajo Subsection, Arizona Sec- 
tion, met February 18, at the Copper 
Coffee Shop to hear J. Prugh Hen- 
don, manager, Tuscon branch of the 
Arizona Industrial Commission, 
speak on Industrial Laws. 

The March meeting was held on 
the 10th, also at the Copper Coffee 
Shop. F. W. Galbraith, head of the 
geology department of the College 
of Mines, University of Arizona, 
gave an illustrated lecture on Craters 
of the Pinacates. 


e A short tour of the Pope Pius XII 
Library, where the St. Louis Section 
held its March 11th meeting, was one 
of the features of the program. 
Agustine Udias presented an outline 
of his 1959 prize paper (graduate 
division) on The Structure of the 
Sierra Maestra and its Relationship 
to the Caribbean Region. 


e The El Paso Section met February 
10, at the Hotel Cortez where they 
heard William Burgess, vice presi- 
dent, El Paso Electric Co., speak on 
Planning for the Newman Plant. 
This electric plant is located on the 
outskirts of El Paso. 

On March 9, the Section again 
met at the Hotel Cortez. The speaker 
on this occasion was Carroll C. Cason 
of the Public Service Board, E] Paso, 
who spoke on The Future of El Paso 
with Respect to Water. 


e The newly organized Maricopa 
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Subsection, Arizona Section, held its 
first meeting at the Westward Ho 
hotel in Phoenix on February 4. 
Speaker of the evening was the 
guest of honor, Charles A. Anderson, 
chief of the Geology Div., USGS, 
who reviewed the past and present 
work of the Survey in the western 
U.S. with particular reference to 
Arizona. He also commented upon 
future Western projects envisaged 
by the Survey. 

Officers for the Subsection are: 
Frank P. Knight, chairman; A. W. 
Miller, vice chairman; Travis P. 
Lane, secretary-treasurer; A. M. J. 
Alenius, chairman of membership 
and nominating committee. 


e The Crucible Club, AIME Student 
Chapter at Mackay School of Mines, 
University of Nevada, sponsored an 
open house of the school on April 2. 
The theme was Nonmetallics with 
major stress on the geology, mining, 
and metallurgy of flourspar. 


e The Uranium Section held its 
regular monthly meeting March 1 
at the M-4 Ranch. Buford B. Winn, 
Section delegate, reported on the 
Annual Meeting in New York. Orley 
E. Prather, supervisory geophysicist 
for the Pure Oil Co., was speaker of 
the evening. His topic was Geo- 
physical Prospecting Methods. 


e The Colorado Plateau Section held 
its first meeting of the year on March 
5 at the Grand Junction City Audi- 
torium. George Setter reported on 
the Annual Meeting in New York. 
Two technical papers were also 
given. Engineering Aspects for Com- 
pletion of Gas Wells in the Collbran 
Area was the subject of a paper by 
Jim Tadlock, senior petroleum en- 
gineer, El Paso Natural Gas Co. 
Richard L. Hoenig and William F. 
Britt of American Gilsonite Co. 
spoke on Solutions for Corrosion and 
Operational Aspects of the Pipeline 
for American Gilsonite Co. Follow- 
ing the technical session, a dinner- 
dance, beginning with cocktails, was 
held at the Redlands Club. 


e The Montana Section met on Jan- 
uary 27, on the Montana School of 
Mines campus in Butte where they 
heard William A. Vine, head of the 
engineering department of the 
School, discuss Industrial Engineer- 
ing with reference to its applicability 
in the mining industry. 

On March 3, the Section again met 
on campus to hear S. L. Groff of 
the Montana Bureau of Mines and 


Geoglogy speak on Geology, Eco- 
nomics, and Legal Aspects of the 
Ground-Water Resource in Montana 


e Penn State AIME Student Chapter 
has held three meetings so far this 
year. On January 22 they heard 
Donald Mitchell of the Bureau of 
Mines in Pittsburgh talk on Mining 
in Indonesia. 

February 19 saw Lute Parkinson, 
head, Dept. of Mining, Colorado 
School of Mines, on campus. He gave 
an illustrated talk on Africa Re- 
visited. 

The annual Career Forum was 

held March 16 with the following 
representatives of industry attend- 
ing: Herbert Z. Stuart, The Phelps 
Dodge Corp., metallic industry; H. A. 
Corre, Warner Co., nonmetallic in- 
dustry; Jesse F. Core, coal opera- 
tions for U.S. Steel Corp., coal in- 
dustry; J. C. Cosgrove, Goodman 
Mfg. Co., sales; and Donald W. 
Mitchell, USBM. 
e Speaker of the evening at the 
February 18 meeting of the Colorado 
Section was David F. Coolbaugh who 
spoke on The Mining Industry in 
Southeast Asia. The meeting was 
held in the Petroleum Club in Den- 
ver. 


e The annual breakfast of the MBD 
Subsection, Colorada Section, was 
held April 23 at the Matchless 
Restaurant, Mile High Center, during 
the National Western Mining Con- 
ference in Denver. 


e Tucson Subsection of the Arizona 
Section met April 13 at the Holiday 
Inn to hear Dr. Eldred Wilson, geo- 
logist for the Arizona Bureau of 
Mines explain the services and pro- 
cedures of the Bureau. 


e The spring meeting of the Penn- 
sylvania-Anthracite Section was held 
April 29 at the Westmoreland Club 
in Wilkes Barre. The program in- 
cluded a technical session of which 
C. S. Kuebler was chairman; a talk 
by J. W. Eckerel, USBM, on plant 
and operating procedures in regard 
to Lurgi gasification tests of Penn- 
sylvania anthracite; and a motion 
picture showing some of the Bureau 
of Mines experimental work in the 
hydraulic mining of coal, under- 
ground, from a solid face. C. S. 
Kuebler acted as narrator. 


e John D. Morgan, Jr., consulting 
engineer, addressed the Washington, 
D. C., Section at the April 5th meet- 
ing at the Broadmoor Apt. Hotel. 
His subject was U.S. Strategy and 
National Stockpile Programs. 
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Among the Division “notables” snapped during the Coal luncheon at the recent AIME Annual Meeting were, left to right: E. G. 
Fox, member of the executive committee; David R. Mitchell, Coal Division representative on SME nominating committee; E. M. 
Spokes, SME Director (Coal Division representative); C. E. Lawall, SME Eastern Regional Vice President; William McCulloch, 
chairman-elect of the Division; George M. Keller, secretary; Raymond B. Salvati, past-chairman of the Division and winner of 


the 1960 Erskine Ramsay Gold Medal; Joseph L. 


chairman of the Division; Carl Hayden, SME Director; R. G. Lazzell, member of the executive committee; and D. R. Tone, SME. 


This month Coal News introduces 
Division officers for 1960-1961. They 
took office in February during the 
AIME Annual Meeting in New York 
and will serve until February 1961. 


H. O. Zimmerman, chairman, is 
manager of coal properties for In- 
land Steel Co. He joined them in 
1930 as chief engineer after working 
for various coal mining companies in 
the West Virginia and Kentucky coal 
fields. 


W. C. McCulloch, chairman-elect, is 
president of Roberts & Schaefer Div., 
Thompson-Starrett Co. Inc., Chicago 
operation. He attended the Univer- 
sity of North Dakota and received 
his M.S. degree in coal mining en- 
gineering from the University of 
Washington. He joined the Roberts 
& Schaefer staff in 1941 as prepara- 
tion manager. 


H. O. ZIMMERMAN 
1960-1961 Chairman 


George E. Keller, secretary-treas- 
urer, is manager of coal evaluation, 
Coal Div., Central Operations of U.S. 
Steel Corp., a position he has held 
since becoming associated with them 
in 1954. Prior to that he had been 
with Commercial Testing and Engi- 
neering Co. for over 30 years. He is 
a graduate of the University of Illi- 
nois. 

R. E. Salvati, first past-chairman, 
1959-1960, is president of Island 
Creek Coal Co. He began his asso- 
ciation with the company upon grad- 
uation from West Virginia Univer- 
sity in 1922. 

J. W. Woomer, second past-chair- 
man, 1958-1959, is also a SME Past- 
President. He is head of his own 
consulting firm of J. W. Woomer & 
Associates. 

C. T. Holland, third past-chairman, 
1957-1958, is head of the Dept. of 


Gillson, AIME President; J. W. Woomer, SME Past-President and a past- 


Mining Engineering, Virginia Poly- 
technic Institute. 


The following are members of the 
Executive Committee. The date in- 
dicates expiration of their term. 

February 1961 


Clayton G. Ball, Paul Weir Co. 
Edward G. Fox, Bituminous Coal 
Operators Assn. 
E. Minor Pace, Inland Steel Co. 
February 1962 
R. Glenn Lazzell, Island Creek Coal 
Co. 
Henry S. Rose, Pittsburgh Coal Co. 
Robert von Storch, Columbia Gen- 
eral Steel Div. 
February 1963 
Howard A. Herder, Sahara Coal Co. 
John L. Schroder, Jr., U.S. Steel 
Corp. 
H. F. Yancey, U. S. Bureau of Mines 
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923 Glasgow Avenue 


For Classifying-Vs" Sizes 


Accurately and Economically 


CONCENCO® CPC Classifiers sort sand grains into ten or more sizes simul- 
. QS many sizes as there are cells in the classifier. Sorting is 
fast, sharp and economical. Action is by hydraulic water only. There are no 
moving parts. Spigot products are sharply sized because of two stages of class- 
ification. Send for complete information about this profitable machine 


THE DEISTER CONCENTRATOR CO., INC. 
The Original Deister Company, Established 1906 


Fort Wayne 3, Indiana 
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William W. Halls, formerly chief 
chemist for National Lead Co. Inc., 
has taken a job as chemist with 
Phillips Petroleum Co. in Grants, 
N.M. 


Harvey Stahl who had been a stu- 
dent engineer with Allis-Chalmers 
Mfg. Co. in West Allis, Wis. has 
moved to Dallas where he will act 
as sales representative for the com- 
pany. 


Upon graduation from the Univer- 
sity of California in January, James 
L. Ash joined the San Manuel Cop- 
per Corp., San Manuel, Ariz. as a 
junior ventilation engineer. While 
attending the University he had 
worked part time as a junior en- 
gineer with the consulting firm of 
Col. S. H. Ash & Associates. 


Verdo Z. Johnson, who for the past 
five years had served as valuation 
engineer, mining, with the Bureau 
of Land Management in Wyoming, 
has moved to Birmingham, Ala. to 
take a similar position with the In- 
ternal Revenue Service. 


Robert D. Reeder retired from gov- 
ernment service as of March 31, 
1960 and moved to Arcadia, Calif. 


James B. McKenzie has taken a job 
as mining engineer with the New 
Jersey Zinc Co. upon leaving the 
Missouri School of Mines where he 
had been a student. 








Personals 








The Fairmont chapter of the West 
Virginia Society of Professional 
Engineers named George R. Higin- 
botham as recipient of the Engineer 
of the Year award for the foresight 
and vision by which he conceived 
the comprehensive plan of develop- 
ing at Loveridge one of the world’s 
largest and most fully automated 
coal mines. 


Herbert E. Jones was named chair- 
man of the boards of Amherst Coal 
Co., Amherst Fuel Co., and Amherst 
Barge Co. at the annual meetings of 
these groups earlier this year. Mr. 
Jones was formerly president of 
these three companies. Herbert E. 
Jones, Jr., formerly executive vice 
president of Amherst Coal Co., was 
named president, and Charles T. 
Jones, first vice president. Charles 
T. Jones was named president of 
Amherst Fuel Co. and Amherst 
Barge Co. Herbert E. Jones, Jr. was 
named first vice president of these 
two companies. 


Richard D. Gott has left Inland Steel 
Co., E. Chicago, Ind. where he had 


Longyear 


WORLD WIDE SERVICES: Consulfing—Geological and mining consultation 


. . . Mineral exploration and appraisal . . 
(photo-geology, site planning, road planning) .. . 


property for loans, leases, sale . . 


. Air Photo Interpretation 
Valuation of mining 


. Contract Drilling—Wire Line and con- 


ventional core drilling by experienced drill crews with modern equip- 
ment—to date: over 1 million feet with Wire Line. 

PRODUCTS: Diamond core drilling equipment and supplies (lower left: 
famous Longyear ‘‘44’’) .. . Longyear Wire Line equipment . . . Longyear 


diamond bits . . . Unitized drill rigs. 


been a metallurgist to take a similar 
position with Climax Molybdenum 
Co. in Climax, Colo. 


Douglas Y. Macliver who completed 
his masters degree in mining at the 
University of California has started 
work as a research chemist with 
Southwestern Portland Cement Co., 
Victorville, Calif. 


His consulting business has taken 
Earl K. Nixon to Argentina twice 
within the past few months to direct 
a mineral and geological survey of 
the Province of San Juan in the 
Andes near Chile. 


F. E. Sainsbury, formerly field super- 
intendent for Boyles Bros. Drilling 
Co. in Salt Lake City, has been 
made district manager of a new 
district recently opened by the 
company in St. Louis. Prior to this 
new appointment, Mr. Sainsbury 
made a two month field trip through 
South America and the Caribbean 
area for Boyles. 


i 


ADV 151 


E. J. LONGYEAR COMPANY 
Minneapolis 2, Minnesota, U.S.A. 


Member: Diamond Core 
Drill Manufacturers Assn. 


CANADIAN LONGYEAR LTD., NORTH BAY, ONT./LONGYEAR ET CIE, PARIS, FRANCE/LONGYEAR N.V., THE HAGUE, HOLLAND/LONGYEAR de MEXICO, S.A. de C.V., SAN BARTOLO, MEXICO 
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W. B. MACOMBER Cc. M. COOLEY 


Spencer Chemical Co. has named 
William B. Macomber and Charles 
M. Cooley to supervise sales and 
technical service activities for its 
“N-IV” Ammonium Nitrate. Mr. 
Macomber will occupy the post of 
sales supervisor and Mr. Cooley 
will be manager of technical ser- 
vices. Both men have had extensive 
experience in the sales and devel- 
opment of low cost materials for 
blasting. Cooley joined Spencer in 
1955 to devote full time to this work 
and Macomber has been with Spen- 
cer since 1956. 


L. C. Vernon of Darwin, Australia 
has been transferred by his com- 
pany, Territory Enterprises Pty. 
Ltd., to Sulphide Corp. Pty. Ltd. in 
New South Wales at its Cockle 
Creek Works where he will be 
working with lead and zinc smelt- 
ing. Before taking up his work there 
in September, Mr. Vernon will 
spend six months in England at Im- 
perial Smelting Corp. 


Upon completion of two years of 
service in the U. S. Army Corps of 
Engineers, Donald G. Moulds has 
taken a job as mining engineer with 
Bethlehem Cornwall Corp., Grace 
Mining Div. 


Joe G. Ivy has come East to take a 
position as industrial systems en- 
gineer at the East Pittsburgh Plant 
of Westinghouse Electric Corp. after 
13 years at the Carlsbad Plant, In- 
ternational Minerals & Chemical 
Corp. where he was manager, plant 
engineer at the time he left. 


The California State Division of 
Mines announced the retirement of 
Henry Symons on Leap Year Day, 
1960 after 32 years of service with 
the division. A graduate of the 
Montana School of Mines at Butte, 
Mr. Symons came to California in 
1923 where he worked for several 
private firms before joining the 
Division of Mines in February, 
1928. While on the staff he fulfilled 
many duties: he has been curator of 
the museur:, statistician, mining en- 
gineer, and in late years, the main- 
stay of the Public Information desk 
in the San Francisco Office. 


Allen S. Crowley has started his 
own contracting business with a 
sub-contract to drill and blast 1,200, 
000 yds of rock on Interstate High- 
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These gages employ a gamma radiation source and the 
patented Ohmart Cell, which converts gamma radiation directly 
into electrical energy. Materials 


placed 


between the source and 


the cell absorb the energy in pro- 
portion to the density. Hence the 
cell output current is a direct 
measurement of the density. 
The radioactive source is amply 
shielded. The radiation level is 
low—has no effect whatsoever on 
the materials measured. 

Ohmart Gages have no mov- 
ing parts; are not in contact with 
the media. There is nothing to 


wear out, plug, or corrode. Mea- 
surement and control are reliable, Osnsity System to 
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continuous and automatic. Main- 
tenance is practically nil. 

On numerous installations, 
the improvements in process and 
product quality control made by 
Ohmart Density Control Systems 
have paid for the systems within 
six months and less. For detailed 
information, write for Bulletin 
No. 105-C. 
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way 57 near Goreville, Ill. part of 
an interstate highway that will con- 
nect New Orleans with Chicago. Mr. 
Crowley had been with Hercules 
Powder Co. for 16 years and was as- 
sistant district manager at the time 
he left to start his business. 


R. Worth Vaughan, vice chairman of 
the American Smelting and Refining 
Co., is serving as chairman of the 
Nonferrous Metals Group for the 
American Red Cross campaign in 
Greater New York. 


National Mine Service Co. announced 
the election of R. R. Schubert as 
vice president. His headquarters 
will be the Greensburg Div. of the 
company where he will continue his 
responsibility as general manager of 
this division which manufactures 
mine and industrial locomotives and 
related mining equipment. 


F. Robert Elsner has joined the sales 
department of the Mine and Smelter 
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I consider the following per- 
son to be qualified for member- 
ship and request that a mem- 
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Supply Co., Denver. Prior to this 
Mr. Elsner worked as a research 
engineer with Battelle Memorial 
Institute. 


R. R. SCHUBERT F. R. ELSNER 


Allen B. Hollett formerly assistant 
manager for Lake Asbestos of 
Quebec, Ltd. has gone to La Oroya, 
Peru as chief engineer for Cerro de 
Pasco Corp. 


Quentin D. Singewald has started on 
a two year tour of duty with In- 
ternational Cooperation Adminis- 
tration to serve as geological ad- 
visor to the Institute of Applied 
Geology of the University of Istan- 
bul, Turkey. Mr. Singewald who has 
been with USGS will return to it 
upon completion of his present as- 
signment. 


After 30 yrs with United States Re- 
fining & Mining Co., John W. Holmes 
has become affiliated with Standard 
Metals Corp. to take charge of the 


American Tunnel Project at Silver- 
ton, Colorado as superintendent. 


Spencer R. Titley has taken a posi- 
tion as assistant professor of geol- 
ogy at the University of Arizona. He 
had been resident geologist at Tuc- 
son with the exploration department 
of The New Jersey Zinc Co. 


Atlas Powder Co. recently announced 
the election of Max E. Colson and 
Edward J. Massaglia to its board of 
directors. Mr. Colson had been 
named a vice president of the com- 
pany only a short time ago. Mr. 
Massaglia is a vice president and 
general manager of the Chemicals 
Div. 


G. S. Ramakrishnarao has become a 
research engineer for White Pine, 
Copper Co., White Pine, Mich. after 
two years as a research assistant at 
the Massachusetts Institute of Tech- 
nology. 


Jones & Laughlin Steel Corp. has 
announced the following appoint- 
ments: Robert W. Braund has been 
named to the newly created position 
of manager of mines, Minnesota and 
Michigan Ore Divs.; Russell L. Bal- 
coni becomes superintendent of the 
Michigan Ore Div.; and Harry F. 
Kullberg will continue to manage the 
Minnesota Ore Div. from head- 
quarters at Virginia, Minn. In his 
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new position Mr. Braund will be 
responsible for the operations of the 
two mining divisions and will main- 
tain headquarters at Negaunee, Mich. 
He had been manager of the Michi- 
gan Ore Div. since June 1952. Mr. 
Balconi had been mine _ superin- 
tendent at the Tracy Mine prior to 
his promotion. Mr. Kullberg has 
been manager of the Minnesota Ore 
Div. since October, 1953. 


R. W. BRAUND R. L. BALCONI 


C. E. Lacy has returned to the Allis- 
Chalmers Co. after a period of ten 
years as a Regional Representative 
in the Southeast Region. During his 
absence from Allis-Chalmers, he 
was associated with T.C.I. in Birm- 
ingham and the Hardinge Co., in 
York, Pa. 


After four and a half years in 
Bakersfield, Calif. with Standard 
Oil Co. of California, the company 
has transferred M. Dean Kleinkopf 
to their Great Basin Div., Salt Lake 
City, where he will serve as lead 
geologist. 


The Walker Mineralogical Club an- 
nounced that it has awarded its 
Peacock Memorial Prize (1959) for 
the best scientific paper on pure or 
applied mineralogy, including crys- 
tallography, mineralogy, petrology, 
ore genesis, and geochemistry, sub- 
mitted by a graduate student, to Dr. 
John Gittins. Dr. Gittins’ paper was 
entitled The Petrology of the 
Nepheline-Bearing Rocks of Gla- 
morgan and Monmouth Townships, 
Ontario, Canada. The paper was 
done as a part of his doctoral 
studies at the University of Cam- 
bridge, England. Dr. Gittins is pres- 
ently a member of the staff of the 
Dept. of Geophysics & Geochemis- 
try, College of Mineral Industries, 
Pennsylvania State University. 


John J. Crowhurst has become gen- 
eral manager of Highland Bell Ltd., 
Vancouver, B. C. He had been 
manager for Dawn Mining Co. in 
Ford, Washington. 


R. L. Christie has left Lisbon Ura- 
nium Corp. where he had been 
superintendent, to affiliate with the 
Hidden Splendor Mining Co. as 
superintendent of their Radium King 
Unit in Midvale, Utah. 


J. Bruce Imswiler has left Western 
Gold and Uranium Inc., Arizona 
where he served as geologist to move 
to California as geologist for Walker 
Engineering Corp. 


D. E. Macknight has been transferred 
from the San Francisco office of 
Western Machinery Co. to their 
Hibbing, Minn. office. 


The appointment of A. E. Roberts, Jr. 
as district sales manager for Marion 
Power Shovel Co. was announced 
recently. He has been assigned to the 
firm’s eastern sales district with 
headquarters in New York. Before 
joining Marion he was associated 
with Mining World magazine and 
several western copper mining com- 
panies. 


As a part of a major reorganization 
resulting from the recently estab- 
lished Agricultural Chemical Div. of 
the company, International Minerals 
& Chemical Corp. has given new 
supervisory positions to four Carls- 
bad employees. R. M. O’Flyng has 
been named chief engineer, chemi- 
cal and quality control. He came 
with International in 1945 and 
transferred to the Potash Div. at 
Carlsbad as refinery and chemical 
plant superintendent in 1957. 

William B. Dancy, who has been in 
charge of the chemical and quality 
control section at Carlsbad has been 
transferred to the Research Div. 
and will remain in Carlsbad for the 
present. He had been in charge of 
the development and control section 
since 1957. 

William N. Stanley has been pro- 
moted to the new position of re- 
finery and chemical plant super- 
visor. He has been with Interna- 
tional since 1952, advancing through 
the development and refinery de- 
partments as a chemical and proc- 
essing engineer. 

Frank C. Keller, Jr. has been pro- 
moted from chemical plant shift 
foreman to general foreman of the 
magnesium oxide-hydrochloric acid 
section. He became shift foreman in 
1949. 


Spencer S. Shannon who has been 
director of the government’s Office 
of Minerals Mobilization for the last 
several years resigned at the end 
of 1959 to return to his home in 
Bedford, Pa. 


W. G. STEVENSON C. C. CORNELIUS 


J. H. Hillman & Sons Co. has named 
William G. Stevenson vice president 
of operations for Emerald Coal & 
Coke Co., a subsidiary of theirs and 
Clinton Carl Cornelius as vice presi- 
dent of engineering. Mr. Stevenson 
had been general manager of mines 
and has been with the company and 
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| its affiliates for his entire business 


career of over 37 years. Mr. Corne- 
lius came to Emerald Coal & Coke 
from Salt Lake City where he was 


| general manager for United States 
| Fuel Co. 


| Robert S. Ellis, sales engineer for 


Combustion Engineering Inc., has 
been assigned to the Delaware Val- 
ley territory with an office in Phil- 
adelphia in an effort to improve 
service to customers in this import- 
ant industrial area. 


H. Howe of Ashmore Benson, Pease 
& Co. Africa (Pty) Ltd. has been 
transferred from Johannesburg, 
Union of South Africa to Causeway, 
Southern Rhodesia. 


International Minerals & Chemical 
Corp. recently announced the retire- 
ment of Lloyd H. Bunnel after more 
than 16 years with the company. He 
joined the company in 1943 as power 
superintendent, advanced to super- 
intendent of maintenance and con- 
struction in 1944. Some time later, 
superintendent of the engineering 
department was added to this posi- 
tion. 


James W. Coulon, formerly mine 
planning engineer for United States 
Fuel Co., Hiawatha, Utah, has be- 
come assistant to mine superintend- 
ent for Intermountain Chemical Co. 
in Green River, Wyoming. 


ij 


< 


H. G. TORPEY J. J. SEERLEY 


Joy Mfg. Co. has announced the ap- 


pointment of Herbert G. Torpey as 
district sales manager of its Mining 
& Construction Div. San Francisco 


| Office to replace L. C. “Dusty” Rhodes 


who has been granted an extended 
leave of absence. Mr. Torpey will 
manage sales and services of Joy’s 
line of equipment for metal and 
hardrock mining and heavy con- 
struction industries in California, 
Hawaii, Alaska, and the western 
parts of Washington, Oregon, and 
Nevada. He has been affiliated with 
the San Francisco district sales office 
for the past seven years. 


John J. Seerley has been appointed 
product manager, contractor equip- 


ment sales for Goodman Mfg. Co. it 
was announced recently. He has 
established headquarters at the com- 
pany’s main office and plant in 
Chicago. 


R. G. Miller has been appointed 
assistant to the president in charge 
of special assignments for BJ Ser- 
vice, Inc., a Borg-Warner subsidiary 
which provides oil well drilling ser- 
vices. Prior to assuming his new 
duties, Mr. Miller was vice presi- 
dent and assistant general manager 
of BJ Service. 


Robert N. Pursel a senior engineer 
for Trans Arabian Pipeline Co., 
Beirut, Lebanon, retired March 1, 
1960 to take up residence in Dan- 
ville, Pa. 


R. L. Tobie has been promoted from 
planning engineer to chief mine en- 
gineer by the San Manuel Gopper 
Corp. 


L. M. Yarberry, formerly general 
superintendent for The Highway 
Paving Co. Ltd., Ville d’Anjou, 
Quebec, has become works manager 
for the Caribbean Cement Co. in 
Kingston, Jamaica, B.W.I. 


T. L. B. Jepsen is presently in Raden- 
thein, Austria as a metallurgical 
consultant for General Refractories 
Co. of Philadelphia. He had previ- 
ously been affiliated with Northern 
Peru Mining Corp. as superintend- 
ent of concentrators. 


Metals Hydrides Inc. announced the 
election of H. S. McGowan to their 
board of directors recently. Mr. 
McGowan is vice president and gen- 
eral manager of Ventures Ltd., 
Toronto. 


Marshall W. Scott, formerly produc- 
tion engineer for Union Carbide Nu- 
clear Co., a division of Union Car- 
bide Corp., has become chief 
engineer for Globe Mining Co. 
another unit of Union Carbide. Globe 
Mining Co. is engaged in open pit 
mining in uranium ore in the Gas 
Hills of Wyoming. 


Steve L. Milne who had been devel- 
oping a small gold-silver lease in 
Boulder County, Colo. with four 
partners has become shift boss at 
the Church Rock Mine, Gallup, 
N. M., operated by Phillips Petro- 
leum Co. 


D. V. Galbiati, after ten years with 
Kennecott Copper Corp’s Ray Mines 
Div. in Arizona as a metallurgical 
engineer, has moved to Maryland 
to take the position of quality control 
supervisor for Kennecott Refining 
Corp. 


Andre L. Brichant has accepted an 
appointment as full-time technical 
advisor on data of Russian origin 
with the Office of Advanced Research 
Programs, National Aeronautic Space 
Administration in Washington, D. C. 





The Carborundum Co., Niagara Falls, 
N. Y. recently announced the estab- 
lishment of a technical branch of 
their Electro Minerals Div. with 
John S. Sulecki as supervisor of 
Physical Measurements and Quality 
Assessment. 


The USBM recently announced the 
appointment of Robert W. Geehan as 
regional director of Region III, re- 
placing J. H. East, Jr. who retired 
Feb. 29, 1960. Mr. East, holder of the 
Department’s Distinguished Service 
Award, had an outstanding career 
with the Bureau dating back to 1914. 
He plans to establish himself as a 
consulting engineer. Mr. Geehan has 
been with the Bureau since 1942. He 
came to Denver in June 1959 as chief 
of the Office of Mineral Resources for 
Region III. 


James M. Winston has become a 


junior engineer with Kerr McGee 
Oil Industries Inc. upon graduation a 
from the Colorado School of Mines. 


Willem F. A. Stolk, formerly plant 


metallurgist for Union Carbide Nu- 
clear Co., has become test engineer, ROTARY COOLERS IN f UR 
Nevada Mines Div., Kennecott Cop- 
per Corp. 


At a recent meeting of AIME, War- Gas-Coo.ten Type—Solids are cooled by direct contact with cooling air 
ren Westphal, senior geophysicist in (atmospheric, or dried and refrigerated). Inert gases may be used in a 
the department of earth sciences at closed system. 

Stanfor ssearch Institute, was 2 , : : 
aoa pe ~ carpe the ree. ie Warter-Cooten SHett—Water is externally applied to the shell, either by 
branch of the Mining Exploration sprays or by partially submerging the shell. 


Div., Society of Mining Engineers. Tusutar Type—Internal water-cooling tubes are assembled with the rotating 


The election of Paul Dashine as shell, or installed as a stationary bank of tubes concentric with the shell. 
president and general manager of Alternately, the water leaving either of these tube sections may be used for 
Calumet and Uranium Divs. was an- supplemental spray cooling on the shell exterior. 

nounced recently by the president of 

Calumet & Hecla Inc. In this newly Direct-Contact Water—For rapid cooling from very high temperatures, 
created position, Mr. Dashine will water is sprayed directly on the hot material to utilize the latent heat of 
be responsible for the operations of vaporization, Usually supplemented by secondary air cooling. 

the Calumet and Uranium Divs. The 

Calumet Div. operates six copper Each of these types has a particular area in which it is most economically 
mines and produces copper chem- applied. Write for further information. 

icals, gray iron and castings, and 

also operates a machine shop and 

generates some power for sale. The 

Uranium Div. produces uranium ore 

from its Marquez Mine in New Mex- 

ico. Mr. Dashine joined Calumet & 

Hecla in 1954 as industrial engineer- 

ing manager of the Calumet Div. In 

1956 he became director of engineer- 

ing, the position he held at the time 

of present appointment. 


The Board of Directors of the Na- 
tional Coal Association elected E. R. 
Phelps as director to succeed the 
late K. A. Spencer who died in Feb- 


Interior of a iaiebinaas alin Longi- Interior of partially-submerged cooler 
ruary. Mr. Phelps has succeeded tudinal banks of tubes provide maxi- with gravity-controlled scrapers main- 
Mr. Spencer as president of The mum cooling surface for minimum taining clean shell surface for high- 
Pittsburgh & Midway Coal Mining floor space. rate heat transfer. 

Co., Kansas City. 


Henry J. Long was appointed general 


manager of the MICA mine and mill- ¥= y+ X Fr Tr? I Wi 

ing facilities at Cordova, N. M., the 

president of Clute Corp. announced 

recently. Under a management con- COMPANY, INCORPORATED 
tract agreement with MICA (Mineral 

Industrial Commodities of America), YORK, PENNSYLVANIA ° 240 ARCH ST. - Main Office and Works 


the Clute Corp. is developing pro- New York . Toronto . Chicago - Hibbing . Houston . Salt Lake City. San Francisco . Birmingham . Lakeland 
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duction of mica products from the 
350 acre mining claim. Mr. Long 
will supervise operations of the Clute 
mill recently completed at the mine- 
site and of the company’s fine grind- 
ing plant located near Pojaque, N. M. 


Joy Mfg. Co announced the retire- 
ment of George A. Ward, district 


manager, Coal Machinery Div., Den- 
ver. Joseph E. Ward, previously dis- 
trict manager at the division’s 
Luzerne, Pa. office, was named to 
replace him. He has been with Joy 
since 1957. T. Clyde Esler, formerly 
a representative in the division’s 
Pittsburgh office becomes district 
manager, Luzerne. At the same time 
the appointment of Timothy C. 
Woomer, formerly with Airdox Car- 
dox Products Co., as sales represen- 
tative in southern Illinois for the 
division’s St. Louis district office was 
announced along with the transfer 
of Anthony Jerasonek, rock drill 
representative, Huntington, W. Va., 
to sales representative St. Louis 
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Write for the catalog section on Vibrating 
Screens 


SYNTRON COMPANY 


554 Lexington Ave. 


Homer City, Penna. 


Other SYNTRON Equipment of proven dependable Quality 





BATTERY CHARGERS 
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RECTIFIER POWER UNITS 





SHAFT SEALS 


office, covering western Kentucky 
and southern Indiana. 


F. W. HINRICHS W. KELLOGG 


Fairchild Aerial Surveys recently an- 
nounced the formation of an Explor- 
ation Services Dept. naming F. Woods 
Hinrichs as manager. Mr. Hinrichs 
will be assisted by William Kellogg 
as chief geophysicist. Mr. Hinrichs 
joined Fairchild in 1948 as sales engi- 
neer for geophysical sales. Prior to 
his present appointment, Mr. Hin- 
richs served as chief geologist for 
the geophysical sales department. 
Mr. Kellogg was mining specialist 
in the geophysical sales department 
prior to his new appointment. 


Key organizational staff changes 
were recently announced by the 
general manager of the Western Min- 
ing Divs. of Kennecott Copper Corp. 
F. C. Green was appointed to the 
position of assistant to the general 
manager, Western Mining Divs. Mr. 
Green has served as general manager 
of the Utah Copper Div. since 1958. 
J. P. O’Keefe will succeed him in 
this position. Mr. O’Keefe has been 
division comptroller since 1953. 


F. C. GREEN J. P. O'KEEFE 
The M. W. Kellogg Co. recently an- 
nounced the appointment of Charles 
H. Fox, design engineer, to the com- 
pany’s Ore Dressing and Beneficia- 
tion Group. Before his recent ap- 
pointment, Mr. Fox was associated 
with American Smelting & Refining 
Co. as chief of design for the mining 
department. He has specialized in 
the design engineering aspects of ore 
dressing and ore beneficiation plants 
for more than 28 years. 


J. Stanley Mitchell has been ap- 
pointed mill superintendent of 
Southwest Potash Corp. He had been 
manager of research and develop- 
ment for the Nickel Processing Corp., 
Nicaro, Cuba where he had the re- 
sponsibility for the administration 
of the research program connected 
with the operation of the U. S. gov- 
ernment-owned plant in eastern 
Cuba. 








Necrology 











Date 
Elected Name 


Gerald J. Ballmer 

J. P. Bankson 
Clement S. Brainin 
Lees J. Burrows 
William W. Cowan 
Frederick Cowans 
Legion of Honor 
Charles F. Deiss 

C. G. Dresser 
Samuel R. Fox 
Foster G. Garrison 
John Gilbert 
Frederick F. Kett 
William D. Kleinpell 
Walter S. Larsh 
Frank E. Lathe 
Whitford J. Lee 
Walter J. Nicholls 
Edward H. Nutter 
Legion of Honor 

E. D. Oosthuizen 

0. C. Rheinheimer 
Don F. Shaw 

G. H. Shefelbine 
Kenneth A. Spencer 
Norman I. Stotz 
Hubert C. Swett 

L. Vernon Uhrig Unknown 
Malcolm E. Wilson Jan. 30, 1960 
George Wingfield Dec. 25, 1959 


| Obituaries 


Axel E. Anderson 
An Appreciation By 
Howard G. Washburn 

Axel Emil Anderson, (Member 
1930) mining engineer, died in the 
Seattle General Hospital Jan. 10, 
1960, after a lingering illness. Mr. 
Anderson was born in Denver, Aug. 
17, 1881. He attended the Denver 
Public Schools and was graduated 
from West Denver High School in 
1900. He was graduated from the 
Colorado School of Mines in 1904 
and received the Distinguished 
Achievement Medal from his alma 
mater in 1949. 

Andy, as he was best known to 
both his business associates and 
many friends, worked during his 
college vacations in the mines and 
cement plants in Colorado. After 
his graduation he was in charge of 
an exhibit at the St. Louis World’s 
Fair that was sponsored by the 
Colorado School of Mines, the Den- 
ver Fire Clay Co., and others. He 
then worked as assayer and chemist 
for a gold mine in Georgia, as min- 
ing engineer making examinations 
of various lead-zinc properties in 
Arkansas, Illinois, and Wisconsin, 
and for Zeigler Coal Co. 

In 1907 he accepted a position in 
the sales department and technical 
division of E. I. du Pont de Nemours 
& Co. and he remained with that 
company until his retirement in 
1946. During this period Mr. Ander- 
son did technical work on explo- 
sives in all parts of the United 
States, and in Canada, Peru, Colom- 
bia, Ecuador, and Panama. In 1930 
he was made assistant manager for 
the West Coast Div. of du Pont. In 
1933 he was sent on a special as- 


Date of 
Death 
Mar. 9, 1960 
Unknown 
Unknown 
Unknown 
Dec. 28, 1959 


Sept. 7, 1959 
Unknown 
September 1959 
Unknown 
Unknown 
Nov. 24, 
Mar. 12, 
Apr. 21, 

9 


; . 1959 
Mar. 8, 1960 
Unknown 
Feb. 24, 1960 
Feb. 19, 1960 
Feb. 22, 1960 
Feb. 11, 1960 








| 
| 
| 
| 


| 
| 


One of the many drill rigs now in operation throughout the United States and overseas. 


The most important primary phase 
of construction, roadbuilding or 
mining begins with foundation 
investigation or exploratory work 
from which it is desired to get 
complete information and best pos- 
sible cores. In many instances, 
contractors make the mistake of 
bidding on work or taking a con- 
tract without complete knowledge 
of sub-surface conditions, or 
miners will start mining operations 
without first conducting a thorough 
exploration program, but successful 
contractors and mining men always 
investigate first to know how to 
quote in order to get the contract 
and still make a profit, and how to 
plan to have a successful operation. 
One of the most reliable organi- 
zations in America for furnishing 
this information and satisfactory 
cores is Sprague & Henwood, Inc. 
For more than seventy years it has 
been rendering satisfactory core 


SPRAGUE & HENWOOD, 


SCRANTON 2, PA. 


drilling service throughout the 
United States and the world. Many 
of its customers have continuing 
contracts with Sprague & Henwood, 
Inc., because they know that they 
can be assured of the best in founda- 
tion investigation and core drilling 
service that can be found anywhere. 


Sprague & Henwood, Inc., with 
its own manufactured field tested 
drilling equipment; its own manu- 
factured “Oriented” diamond bits; 
its highly trained personnel; and 
its well trained and highly qualified 
supervision assure you of the best 
possible results obtainable. 


Write to Sprague & Henwood, Inc., 
today for any information relative 
to test borings or core borings you 
desire, or for an estimate, giving 
complete information, and it will 
be on its way to you just as quickly 
as possible, without obligation 


~ 6 


to you. 


BRANCH OFFICES: NEW YORK © PHILADELPHIA © PITTSBURGH © ATLANTA 


BUCHANS, 


NEWFOUNDLAND ¢ GRAND JUNCTION, COLORADO 
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6 of the 15 
Linatex 
factories in the 
world. Any of 
them will see 
that your en- 
quiries receive 
energetic 
attention 


The Wilkinson Pro. 
Rubber Co. Lrd., 
Batu Caves, 
Selangor, 

Fed. of Malaya, 


AUSTRALIA 
Linactex (Australia) 


_ Dandenong. 
Victoria, Australia. 


| Signment as sales and technical representative for the du 
| Pont Co. to Japan, China, Hawaii, and the Philippine 


Islands. He was made general manager for the West 
Coast Div. of du Pont with offices in Seattle in 1940 and 
was retired in 1946. In the following year he was recalled 
by du Pont and sent to Valparaiso, Chile as general 
manager of Cia Americano de Explosives, a subsidiary 
of du Pont. 

During his years of service Mr. Anderson wrote numer- 
ous technical and semi-technical articles on explosives; 
he was considered one of the best informed engineers on 
the use of explosives in mining, quarrying, and construc- 
tion work. For this knowledge and his contributions he 
was decorated by the Belgian government during World 
War I, and by the Peruvian and Chilean governments. 

Andy was a genial and courteous gentleman and a true 

and loyal friend, highly respected by everyone with 
whom he came in contact. He was a member of Beta 
Theta Pi fraternity and of AIME. He took an active part 
in the monthly meetings of the North Pacific Section of 
AIME, his mind retaining its brilliance until the end. 
During his active years he was a member of the Wash- 
ington Athletic Club, the Seattle Chamber of Commerce, 
and many other civic groups. He was a member of St. 
Stephens Episcopal Church. Andy will be greatly missed 
by his friends and business associates and the industry 
has lost an outstanding engineer. 
S. N. Castle (Member 1917) died Feb. 10, 1959 in Hono- 
lulu where he was born in 1880. His professional career 
was divided between Hawaii and the mainland. He re- 
ceived his secondary education in Germany; attended 
Hamilton College for one year then transferred to Har- 
vard where he took his A.B. then went on for a year of 
graduate work. He then spent two and a half years at 
the Graduate School of Cornell studying mechanical, 
electrical, and hydraulic work with special attention to 
fluids and gases. 











CANADA 
Wilkinson Linatex 


eo. 5 
P.O. Box 1310, 
Station O, Mont. 9, 
Quebec, Canada. 





ENGLAND 
Wilkinson Rubber 
Linatex Led, 


vy. 
Surrey, England. 





ww 84 AFRICA 

|. Spargo co 
lehannathere. 
South Africa. 


Axel E. Anderson 


Memoria! Resolution Prepared By 
Milnor Roberts and W. C. Douglas 


RESOLVED: That the members of the North Pacific 
Section record with profound sorrow the death on 
Sunday, January 10, 1960 of Axel Emil Anderson, 
who had been a member of AIME since 1930. 

Mr. Anderson, a graduate of Colorado School of 
Mines in 1904, was awarded a medal by his alma 
mater on September 29, 1949 for distinguished 
achievement in the fields of mining engineering. He 
had joined the E. I. du Pont de Nemours Co. as 
mining and sales engineer in 1907. He came to the 
Pacific Northwest in 1930 as assistant manager of 
du Pont’s Explosive Division, Seattle District, and 
in 1940 he was made manager. He retired in 1946, 
but was recalled that same year to go to South 
America as general manager of Compania Sud 
Americana de Explosivos, a subsidiary of du Pont. 
For his knowledge and contributions on explosives 
and techniques he was decorated by the Belgian, 
Peruvian, and Chilean governments. 

Andy, as he was known to most of us, was a 
gentleman, and a true and loyal friend. He was al- 
ways ready to contribute his congenial and delight- 
ful companionship in his profession, as a host or in 
the pursuit of his hobbies of hunting, fishing, and 
sailing. He will be keenly missed by his many 
friends. 

FURTHER RESOLVED: That the Secretary be re- 
quested to send a copy of this resolution to Mrs. 
Anderson with our deep expression of sympathy. 


January 21, 1960 
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MEMBERSHIP 


Proposed for Membership 
Society of Mining Engineers of AIME 











Total AIME membership on Mar. 31, 1960, 
was 33,949; in addition 2,663 Student Mem- 
bers were enrolled. 


ADMISSIONS COMMITTEE 

S. S. Cole, Chairman; F. A. Ayer, Vice 
Chairman; F. Wm. Bloecher, Jr.; Jack B 
Graham; C. H. Lambur; Pauline Moyd; 
R. H. Ramsey; A. D. Rodd; W. J. Rude 

The Institute desires to extend its privi- 
leges to every person to whom it can be of 
service, but does not desire as members per- 
sons who are unqualified. Institute members 
are urged to review this list as soon as pos- 
sible and immediately to inform the Secre- 
tary’s office if names of people are found 
who are known to be unqualified for AIME 
membership 


Members 
William J. Blackstock, Calgary, Alberta, 
Canada 
Ray C. Broadman, San Antonia, Texas 
John A. Boyle, Pittsburgh 
Donald C. Bulmer, Tucson, Ariz. 
Edward R. Carnahan, Moab, Utah 
Louis J. Coccodrilli, Peckville, Pa 
Walter E. Cook, Uniontown, Pa. 
Robert L. Crouch, Grants, N. M 
Peter A. Delauretis, Lansford, Pa 
Charles B. Ellis, New York 
Gail A. Farnsworth, Sunnyside, Utah 
William Fredenburg, Courtois, Mo. 
Eugene M. Frederick, Charleston, W. Va 
Donald J. Goodwin, Paramus. N. J 
Felipe De Guzman, Lepanto, Philippines 
Henry W. Heck, St. Louis 
Edwin A. Hintz, Grand Junction, Colo 
Stephen E. Janosfi, Bettsville, Ohio 
Donald A. Jess, Vanadium, N. M 
Edward B. Jolly, Dehue, W. Va. 
John C. Jones, Scranton, Pa. 
George Kalcov, Amman, Jordan 
Ralph C. LaMont, Conyngham, Pa 
George W. Martin, Miami, Fla 
John E. McCombe, Schefferville, Que., 
Canada 
Thomas R. McCourt, Sunnyside, Utah 


Joe L. McQuade, Richwood, W. Va. 
John E. Nelson, Montreal 

Richard C. Newth, Scottsdale, Ariz. 
Boguslaw B. Nizio, Montreal 

Walter B. Odendahl, Helper, Utah 
Lewis L. Oriard, Marshall, Wash. 
Arthur R. Palmer, Normetal, Que., Canada 
Edward R. Powers, Hazleton, Pa. 

Louis T. Pugliese, South Charleston, W. Va. 
Bert L. Renzetti, Shreveport, La. 

Alfred J. Rogers, Scranton, Pa. 

Suryya N. Roychowdhury, Rolla, Mo 
Louis Scipioni, Bouey, Minn. 

William G. Skewes, Itmann, W. Va. 
Regis S. Sternbergh, Los Angeles 

Edwin H. Stewart, Jr., Jacksonville, Fla. 
Donald M. Thomas, Pittsburgh 

Donald C. Tibbals, Grand Junction, Colo 
Charles A. Vance, New Yor 

Paul L. Vandeveer, Walkerville, Mont. 
Angelo Vitali, Dunmore, Pa. 

Thomas E. Warren, Mine LaMotte, Mo. 
C. Ray Woodward, Helper, Utah 


Associate Members 
Lewis Arabia, Pittsburgh 
Ward E. Ballmer, Salt Lake City 
Edward C. Connor, Wilkes-Barre, Pa. 
Larry Cook, Columbus, Ohio 
Robert W. Davie, Rosebery, N.S.W., Australia 
Thomas K. Davis, Salt Lake City 
Frank J. Dominick, Plains, Pa. 
Samuel N. Donaldson, Lynwood, Calif 
Thomas P. Dowling, Allentown, Pa. 
Edward B. Greef, San Francisco 
David P. Harris, Scranton, Pa. 
James P. Kendrick, Mexico City, Mexico 
John C. Kinard, Billings, Mont 
William T. Macdonald, Cleveland 
William R. Martin, Pittston, Pa. 
Armstrong C. McMorris, Stamford, Conn 
John G. Oliver, Mexico City, Mexico 
Carlos A. Orchard, New York 
Francis A. Patton, Hazleton, Pa. 
Rex B. Rathbun, San Francisco 
William O. Richardson, San Andreas, Calif. 
Paul O. Richter, Salt Lake City 
Donald W. Savory, Ajo, Ariz. 
Stanley M. Secrist, Tucson, Ariz 
Nuzi P. Semenza, Old Forge, Pa. 
Ebraham Shekarchi, New York 
Stanley K. Simmering, St. Louis 
G. Don Sullivan, Washington, D. C 
Taldino Testone, Torrington, Conn. 
William E. Todd, Grand Junction Colo, 
Thomas C. Whisler, Jr., Fullerton, Calif. 
Lloyd Williams, No. Plainfield, N. J. 


Junior Members 
Gerald V. Henderson, Ione, Calif. 





ALJAAME 


Contact your 


NATIONAL STUDENT 
PRIZE PAPER CONTEST 


(Undergraduate and Graduate Divisions) 


Entry Deadline Date— 
June 30, 1960 


Topics: Mining, Metallurgy, and Petroleum 


EXPLORATION e PRODUCTION 
ENGINEERING e RESEARCH 


Limited to AIME Junior Members 
and Student Members 


Student Chapter, Faculty Sponsor, Local 
Secti 


on 
or Prof. A. W. Schlechten 
The University of Missouri, 


are 
SAFE 
and 


MAYO 


AUTOMATIC 


Stuart R. Kaplan, Kew Gardens, N. + 
Samuel E. McDougal, Jefferson City, Tenn 
William P. McNutt, Jr., Russellville, Ala. 
Charles B. Upton, Van Horn, Texas 
Gene F. Yoder, Farmington, N. M 

CHANGE OF STATUS 

Associate to Member 
Don C. Anderson, Riverton, Wyo. 
Leo M. Anthony, College, Alaska 
Gerard L. Fairchild, Denver 
Tad E. Hopkins, Grand Junction, Colo 
Norbert F. Koepel, New York 
Donald W. Maltzahn, Kentfield, Calif 
John E. Moon, Jr., Juneau, Alaska 
John C. G. Moore, Newcastle, N.B., Canada 
Philip C. Moore, Zanesville, Ohio 
William H. Moyer, Lebanon, Pa. 
Charles W. Neikirk, Chillicothe, Ohio 
James L. Vannoy, Austinville, Va. 
Edwin T. Wood, Moab, Utah 
Junior to Member 

George W. Martin, Pocatello, Idaho 


REINSTATEMENT 
Members 
Thomas L. Garwood, Benton, Ill. 

Jacques F. Ledoux, Paris, France 
REINSTATEMENT—CHANGE OF STATUS 
Associate to Member 

Riley S. Smith, Jr., Berea, Ky. 


Junior to Member 
Barton W. Carr, Simsbury, Conn. 
Weldon F. Fulghum, Niles, Il 
John J. Kolesar, Butte, Mont 
Robert T. MacMillan, Washington, D. C 
Thomas B. Piper, Wyandotte, Mich. 
Robert H. Stebbins, New York 
Karl A. von den Steinen, Tucson, Ariz 


Student to Member 
Daniel A. Bradley, Montreal 
Robert Heinrich, Tahawus, N. Y 
Daniel G. Hestetune, Ely, Minn. 
Douglas H. Hileman, Price, Utah 
Louis E. Hutchings, Taconite, Minn 
Wesley H. Parker, Inspiration, Ariz 
William H. Powell, Pacolet, S. C. 
Leslie E. Price, Ironwood, Mich. 

Junior te Associate 


D. Ivan Lambrev, Palo Alto, Calif. 


Student te Junior 
Rex A. Phillips, Seymour Johnson AFB, N. C. 


MAYO 
HEAD FRAMES 


for tlerge ond small 
mines 


Designers and Builders 


of 


KOEPE HOISTS 


for smoll mines, offering 
low first cost and operating 
economies. 

Write for free reprints of 
illustrated article on small 
Koepe Hoisting Systems. 


MINE CAR COUPLERS 


Mayo-designed, cast steel coupler for narrow gauge 
mine cars hooks on in seconds eutemetically from any 
position. Completely eliminates all hazards of hand 
coupling, saves time. Easily bolted to existing cars. 
Costs about half of comparable equipment. 


TUNNEL & MINE 
EQUIPMENT 
LANCASTER, PA. 


School of Mines and Metallurgy, 
Rolla, Mo. 
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PROFESSIONAL SERVICES 





Listing Instructions 


Space limited to AIME members or to 
companies that have at least one mem- 
ber on their staffs. One inch, $50 per 
year; half inch, $30 per year, payable 
in advance. 








CHARLES P. SEEL 
Mining Geology 
Examinations in Mexico 
635 North Third Ave. Tucson, Ariz. 














Alabama 





STILL & STILL 
Consulting Mining Engineers and 
Geologists 
24 Union Block — Phone 658 
P.O. Box 1512 
Prescott, Arizona 


GEODYNAMICS INC. 


MAGNETIC-ELECTROMAGNETIC SURVEYS 
PROPERTY MANAGEMENT—MARKETING 
MINING INVESTMENT 
COUNSELLING 
108091. Strathmore Dr., 

G anite 8-5620 
Los Angeles 24, Calif. 
BRadshaw 2-8475 

















& COMPANY, INC. 
Mining = ineers and Contractors 
Shaft & Slope Sinking ©" Mine De Mine Development 
1-18th Street SW, 
Birmingham, Ala Phone 56-5566 


Arkansas 











KIRK & COWIN 
PERCY G. COWIN 
ineers 


and Eng 
Birm' 11, Ala. 


One 18th a4 Ss. 
hone: “Stote'e-5 








RAPHAEL G. KAZMANN 
Consulting Ground-Water Engineer 
Stuttgart, Arkansas 


WARREN L. HOWES 
Consultant 


Mining & Metallurgical Plants 
Research, design construction, operations 
Project enegement 


Ecol 


1305 Hillview Dr Menlo Park, Calif. 
Tel. DAvenport 5-7752 























Alaska 


California 








Fritz Kalmbach 
Consulting Come 
P. O. Box _— R 2-6184 
nchorage, Alask 
ALASKA | MINERAL CONSULTANTS 


EDWARD R. BORCHERDT 
and 
C. DeWITT SMITH 
Mining Consultants 


369 Pine Street Bedford Road 
Sen Francisco 4, Calif. Lincoln, Mass. 
YUkon 1-0198 Clearwater 9-9571 


JACOBS ASSOCIATES 
Consulting Construction Engineers 
Specialists in tunnel and pf. work 
— Estimates — fAethods Ana 
Engineering Geology Designers 
— eo | ~y BF - ting 
reduction plonts. 
503 ye Street, San Francisco 5, Calif. 








KELLOGG EXPLORATION COMPANY 


Ground Surveys and Interpretation 
ANG sO No. Marengo, Altadena, Celt: 




















WILLIAM A. O’NEILL 
(Specialist in Placer Exploration) 
Consulting Mining Engineer-Geologist 
Exploration-Valuation-Management 

, Alaske 


BRoadway 4-7671 505-8th Ave. 











Arizona 


Centennial 


CARTWRIGHT AERIAL 


SURVEYS, INC. 
specializing in 
Color Mapping—Color Mosaics, Using 
Latest Electronic Printers and Zeiss 
Cameras. Altitudes to 36,000’. Topo- 
graphic Maps Made From Color Map- 
ping Flights. 
2574 21st St., Secramento, Calif. 
GLedstone 1-8491 





MERRILL W. MacAFEE 
Consulting Engineer 
Chemical @ Metallurgical @ Mining 


LUdiow 3-1778 7668 Sante Fe Ave. 
FRontier 5-6145 Huntington Park, Calif 











FAIRCHILD AERIAL yw INC. 
——— ern gy A Gradiometer 
rveys, Topographic Mapping, 
Photography, and Photographic Mosaics 
for Mini loration 
224 E. llth St. 30 Rockefeller Piaza 
Los Angeles New York 
Daily News Plaza, Rm 1904, 400 W. 
Madison St., Chicago é 








CLAYTON T. McNEIL, E. M. 
Consulting Mining Engineer 


822 Bank of America Bidg. 
Tel. GArfield 1-2048 
SAN FRANCISCO 4, CALIFORNIA 








THEODORE A. DODGE 
Consulting Mining Geologist 
635 North Third Ave. Tucson, Arizona 








HEINRICHS GEOEXPLORATION CO. 
Mining Oil, Water Consultants & Contractors 
MOBILE MAGNETOMETER SURVEYS 

ology Geochem & Evaluations 
Box 5671, Tucson, Ariz. PH: MA 2-4202 





FRANCIS H. FREDERICK & ASSOCIATES 


Consulting a © Engineers & Geologist 
rket Street 
San Francisco 4, California 
Telephone: SUtter 1-1562 














THORP D. ow any 
Consulting E 
Mining & Water Preject Investigations, 


Appraisals, Etc. 
1029-B North Swan Road 
Tel. EAst 6-5336 Tucson, Arizona 











ABBOT A. HANKS, INC. 
ASSAYERS-CHEMISTS 
SPECTROGRAPHERS 

SHIPPERS REPRESENTATIVES 


1300 Sansome Street 
Sen Francisco 11, California 
EXbrook 7-2464 


Colorado 


E. J. Longyear Co., see Minnesota 











©. W. WALVOORD CO. 
Mill-Design and Construction 
301 Detroit St. Denver 6, Colo. 
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APPRAISALS 

ASSAYERS bd 
CHEMIST ° 
METALLURGICAL e 


Connecticut 


CONSTRUCTION ° 

CONSULTING ° 
DRILLING 

REPORTS 


GEOLOGISTS 
GEOPHYSICISTS 
° MANAGEMENT 
VALUATIONS 








GODFREY 8. WALKER 
Metallurgical Consultant 
Mineral Dressing & Extractive 

Metal) 


urgy 
Heavy Media a Specialty 
Somerset Lone, 











Riverside, Conn. 


MEISSNER ENGINEERS, INC. 
Engineering, Construction, and 
Financial Services 
for 
Automatic Stockhouses, Bulk Materials 











District of Columbia 


E. J. Longyear Co., see Minnesota 





JOHN D. MORGAN JR., E. M., PH. D. 
Consultant 
Business and Defense Problems 


in Metals, Minerals, and Fuels 
1001 Connecticut Ave., N.W. 


Wor sie . 








Munsey Ballding Washington 4, D.C. 





MINING ENGINEERS & GEOLOGISTS 
DESIGN & CONSTRUCTION 
INDUSTRIAL ENGINEERING 


Indiana 





Florida 








HARRY B. CANNON ASSOCIATES 
Geologists — Engineers 
Exploration Ore Dressing 
Specialists in Heavy Minerals 
P.O. Box 2432 Lakeland, Florida 





DIAMOND CORE DRILLING 
BY CONTRACT 


and world’s largest weap 
Core and grout hole drilling in coal. 
metal, and non-metallic deposits, both 
surface and underground. 
JOY MANUFACTURING CO. 
Contract Core Drill Division 


Michigan City, Indiana 














ALLEN T. COLE and ASSOCIATES 
Consultants — Industrial Minerals 
Phosphate, Barite, Heavy Minerals, 

Industrial 


2815 Cleveland Heights Bivd. 


a 


Lokela lorida 
MUtual 9-9351 MUtuael 3-9033 











Fairchild Aerie! Surveys inc., 
see Californio 





JAMES M. DANIEL — JAMES J. LEWIS 
AND ASSOCIATES 
Civil and Engineering Consultants 
United States and Foreign 
Place Lexington, Ky. 











ALLEN & GARCIA COMPANY 


47 Years’ Service to the 
Coal and Salt Industries as Consultants, 
Constructing Engi s and gers 
Authoritative Reports and Appraisals 
332 S. MICHIGAN AVE., CHICAGO 
120 WALL ST., NEW YORK CITY 














Continued 
on 
page 520 








DIRECTORY OF 
PROFESSIONAL 
SERVICES 




















See pages 520 and 521 
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For other items, 
see 


pages 518 and 519 





CONTINUED 





H. M. PICKERING 
Registered Professional Engineer 
Mining Consultant 
Truck Haulage & Crushing Plants 


2121 Sth oo: os Sh on Minn. 
M 3-5153 








GEORGE R. HEYL 
Consultant 
Mining Geol: Petroleum Geology 
ss ritish Isles, Latin America 
P.O. Box 582 New Paltz, New York 




















Massachusetts 
Edward R. Borcherdt & C. DeWitt Smith, 
see California 


Missouri 


LEGGETTE BRASHEARS & GRAHAM 
Consulting Ground-W ater Geologists 


Water Supply Salt Water Problems 
Dewatering Investigations 
Recharging Reports 

551 Fifth Avenue, New York 17, N. Y. 











H. L. TALBOT 


Cc Iting Metallurgi 2 Raab 





Extraction and Refining of Base Metals 
Specializing in Cobalt and Copper 


Room 911, 209 Washington Street 
Boston 8, Mass. 


PHILIP L. JONES P.E. 
Consultant 
Mineral Economics & Mineral Dressing 
Examinations, Research, Engineering 


Tel. MAyfair 3-1556 





Bruce Williams Labs., Box 552, Joplin, Mo. 








AMEDEE A. PEUGNET 
CONSULTING MINING ENGINEER 


Telephone MAin 1-1431 
705 Chestnut St. St. Louis 1, Mo. 





ARNOLD H. MILLER INC. 
Consulting Engineer 
Mine, Mill and Industrial Investigations 
Improvement Design and Recommendations 
Cable: “ALMIL” Tel. COrtlandt 7-0635 
120 Broadway New York 5, N. ¥. 




















BASIL KIRKLAND WOODS 
Geologist 
Geological Surveys—Mining Fraud 
Investigations 
122 Islington Rd., Auburndale 66, Mass. 
LAsell 7-1390 





Nevada 


O’DONNELL & SCHMIDT 
Mining Consultants 
165 Broadway Tel. BArclay 7-6960 
New York 6, N. Y. Cables: EXAMIMINES 

















Michigan 





W. P. JOHNSTON 
Consulting Mining Geologist 
210 West Second St., Reno, Nevada 
Tel.: FAirview 9-2302 or FAirview 2-0751 











FRANKLIN G. PARDEE 
Mining Geologist 


P.O. Box 8 Crystal Falls, Mich. 





New Jersey 


LUCIUS PITKIN. INC. 
Mineralogists 
Assayers—Chemists—Spectroscopists 
a lw ’ Representatives 
IN BLDG., 47 FULTON ST., _ YORK 

Cable Address: Niktt 

















Minnesota 





LEDOUX & COMPANY 
Chemists Assayers Spectroscopists 
SHIPPERS REPRESENTATIVES 
Mine Examination Analyses 
359 Alfred Ave. Teaneck, New Jersey 


HARRY J. WOLF 
_ Mining and Consulting Engineer 4 


3 “Seanene St., Little Neck 63, N. 
Cable; MINEWOLF Tel. HUnter 2- Tess 




















THERON G. GEROW 


MINING CONSULTANT AND 
ENGINEER 


3033 Excelsior Bivd. 
Minneapolis 16, Minn. 
Telephone: WAlinut 2-8828 


New Mexico 








GEORGE R. LELAND 
Registered by written examination 
et Engineer & Geologist 

and Latin America 


P.O. Box 4146 Albuquerque, N.M. 














E. J. LONGYEAR CO. 
Geological ge Mining Consultants 


76 South 8th lenmmne | 7 on ‘ne. 
Graybor BI —New Yo 

Colorado Bidg ...Denver Z, Cols. 
Shoreham BI 9. Wash. 5, D. Cc. 
77 York Street Toronto, Ont. 
129 Ave. de Chomps-Ely Paris, France 
Zeekant 35 ie Hague, ‘Holland 


New York 


Allen & Garcia Co., see Illinois 
Fairchild Aerial Surveys, 


see Californ 
E. J. Longyear Co., see Minnesota 











Rk. L. LOOFBOUROW Min. Engr. 
Site Testing — Plans — Estimates 
Underground Construction — Mining 
Mine Water Problems 
4032 Queen Ave. Se. Minneapolis 10, Minn. 


BEHRE DOLBEAR & COMPANY, INC. 
Geological, Mining and Metallurgical 
Consultants 


11 Broadway New York 4, N. Y. 





Ohio 








B. B. R. DRILLING CO. 
National Road West 
St. Clairsville, Ohio 
Diamond Core Drilling 
Contractors 
Mineral Foundation 
Cores Guaranteed Testing 





Pennsylvania 











ABE W. MATHEWS ENGINEERING CO. 
tron Ore Concentration Plants 
Materials Handling Systems 
Design and/or Construction 
Hibbing Minnesota 
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GERAGHTY, MILLER & HICKOK 
Consulting Ground-Water Geologists 


Evaluation of Ground-Water Supplies 
Recommendations for the Solution of 
Ground-Water Problems 


110 East 42nd St. New York 17, N. Y. 








EAVENSON, AUCHMUTY & 
GREENWALD 
MINING ENGINEERS 
Mine Operation Consultants 
Coal Property Valuations 
2320 Keppers Bldg. Pittsburgh 19, Pa. 























J. B. MORROW 


COAL CONSULTANT 
Oliver Bldg. Pittsburgh, Pa. 











HOWARD G. SCHOENIKE 
Consulting Mining Geologist 


Examination—Evaluation—Exploration 
Metallic and Nonmetallic Minerals 
Domestic—Foreign 


4039 pte S. 
Tel.: MO 5-7079 . Texes 








p Mosh Globe, Ariz 
Otiamend Bitee—Drilling Ac 
cessories 
R. 5 McCLINTOCK DIAMOND DRILL CO. 














PENNSYLVANIA 
DRILLING COMPANY 


Subsurface Explorations. Grouting in- 

dustrial Woter Supply. Mineral Pros- 

pecting Large Diameter Drilled Shofts 
Reports 

1205 Chartiers Ave., Pittsburgh 20, Pa. 


Uteh 











SPRAGUE & HENWOOD, Inc. 
SCRANTON 2, Pa. 
Diamond Drill Contractors and 
Manufacturers 
Core borings for testing mineral 
deposits in any part of the world. 


BOOTH COMPANY, INC. 
Metallurgical & Chemical Engineers 
Research and Consulting 

Laboratory 
Plant Operation and Testing 


333 W. 14th So. St. 
Salt Lake City 15, Utah 





West Virginia 








DIAMOND CORE DRILLING 
CONTRACTORS 
Testing Mineral Deposits 
Foundation Borings 
MOTT CORE DRILLING CO. 
Huntington, W. Va. 




















J. W. WooMER & ASSOCIATES 
Consulting Mining Engineers 
Modern Mining Systems and Designs 
Foreign and Domestic Mining Reports 
Henry W. Oliver Bidg., Pittsburgh, Pa. 


CENTENNIAL DEVELOPMENT CO. 
Consulting Mining Engineers 
and Contractors 


Eureka, Utoh Eureka 560 
Tucson, Arizona MAine 2-4202 


Canada 


E. J. Longyeer Co., see Minnesota 


| J. D. BATEMAN 


Consulting Geologist 
Toronte 1, 




















Tennessee 


LOTTRIDGE-THOMAS 
& ASSOCIATES 


Professional Engineers 
705 Judge Building 
SALT LAKE CITY 11, UTAH 





M. G. SMERCHANSKI 


Consulting Mining Geologist 
Registered Professionai Engineer 
411 Childs Bldg. Winnipeg, 
Phone: Whitehall 2-6323 





Mexico 

















J. R. THOENEN 
Consulting Mining Engineer 
Sanford Day Road 


Concord, Tennessee 








Texas 


Stenley M. Moos, see Mexico 


PRODUCTION AND MANAGEMENT 
SPECIALIST 


ROGER V. PIERCE 
Underground Mining Methods, Cost 
Cutting Surveys—Production Analysis 
—Mine Mechanization—Mine Manage- 
ment. 

808 Newhouse Bidg. EMPIRE 38-5373 

Salt Lake City 4, Utah 


STANLEY M. MOOS 
Mining Engineer 
Feasibility Reports and Economic 
ote in Mexico and Central America 
Mexico, D.F. 


ry Texas 
P ©. Box 19217 Apa 
Tel: 46-67-97 


Tel: HO 8-6520 

















BURBRIDGE—PYBURN 


Consus Bagingess & Geologists 
‘etroleum 
ee S. & Latin America 
Mills Bidg., El Paso, Texas Tel. Ke 3-4741 





SHENON AND FULL 
Consulting Mining Geologists 


1351 South 2200 Gat 
Salt Lake ae 8, 
Telephone H Unter re 19951 


Philip J. Shenon Roy P. Full 





WILLIAM J. SHEDWICK, J 
Mine and Geologic Reports 
a and Latin America 
New Jersey License 2744-a 

P. De La Reforma 20-304 Mexico 1, D.F. 

















GUY E. INGERSOLL 
Registered Professional Engineer 
exas, Arizona and New Mexico 
Mine Examinations and Geological 
5505 Timberwolf Drive Ei Paso, Texas 











KARL A. RIGGS, PH.D. 
CONSULTANT 


DOMESTIC FOREIGN 
Appraisals, Geology, & Petrography 
Geophysical, & Airphoto Interpretation 
Reports, & Project eae 
FRanklin 1-9803 
723 Penguin Dr. Dalles, Texas 


Virginia 


Europe 
E. J. Lengyeer Co., see Minnesota 


British East Africa 








KATUMA MINING LIMITED 


Metal and Ore Brokers 
Mining Consultants 


Na:robi K 
P. 0. Box 1737 Cables “EXPORTER” 














. 


J. A. GUSTIN & ASSOC. 
CONSULTING ENGINEERS 
Mill Design, Structural and Foundation 
Engineering, Fine Particle Processing 
Systems, Industrial Minerals Technology, 
Cement, Lime and Aggregate Plants, 
Surveys, Reports and Investigations 


Burch 
* Mercer 2.0588 


Southern Rhodesia 











DAVID C. SHARPSTONE 
MINING ENGINEER and GEOLOGIST 


Bulawayo So. Rhodesia 
P. O. Box 2450 Cables: Minexams 
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MY 


AGITATORS 


Here’s your secret to 
tomorrow's Lead-Zinc 


PROFITS! 





MACHINE VOLUME 
SiZE Per Cell 
Celi-to-Celi u. ft 


18 Sp. 
21 Sp. 
24 Sp. 
“30 Sp 


MACH INE* MOTOR 
TY 
CAPAC! ae “Pe 


tons 24 hrs. 2-col Weetn 


100-200 1800 57% 42" 
250-350 1800 7%-10 4.3" 
400750 1800 1015 48" 


800-1000 1200 2025 62" 


APPRUXIMATE DIMENSIONS 


Minimem §=SHIP. WT. 1 LBS 
LENGTH OF MACHINE WEAD 2-cell Mactune 
With Motor 


2 4 6 
Mevgnt Ce Celt Cel Required Domestic 


Expert 
4” 62 1272" 12" 8-10" 3615 4015 


66” 74" 147" 213" 4" 4820 
es” 83" 2" 242" 1S 6145 


v2" 17" 2-11" 313" —~1'4" 


“Number of cells depends upon contact time, density and number of cleaning stages following roughing and 
scavenging Capacity approximately only for each size machine Smalier size Denver cells are also available 


for smail tonnage and pilot plant service 


Open-type cell—no intermediate weirs or feed 
pipes—provides unimpeded high tonnage flow 
of pulp. New simplicity, high rougher flotation 
efficiency, low cost in flotation rougher circuits. 


DENVER 


EQUIPMENT 
COMPANY 


FLOTATION DISC FILTERS 


p” Oe 


AUTOMATIC ORvERs 
SAMPLERS 


Cable DECO DENVER 


1400 Seventeenth St. 


Phone CHerry 4-4466 


Denver 17, Colorado 


NEW YORK CITY 
4114 Empire State Bidg. 
Phone CH 4-6510 
BLUEFIELD, W. VA. 
P.O. Box 1119 * Phone DAvenport 5-6598 
TUCSON, ARIZ. 
3437 E. Camden St. * Phone EAst 6-7282 
15-17 Christopher St, Finsbury 
ne Fi 7 
Phone Bishopsgate 3575 " 


Broadway ond Ninth 

Bez Valley * Phone 25-753! 
185 Street 
econ 3-8836 
VANCOUVER 


' 802 Credit Foncier Bidg. 
Phone MUtuol 3-7595 


MEXICO CITY 
Avenida Juorez 14, Desp. 615 
Phone 21-1477 


LIMA aaa 
Conte 2050 Phone 41887 
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SEGRE RE ES 


TYLER can help you 
screen new ideas 


When you have a new application involving woven wire screen for 
processing materials, here’s how to get the right answers: Turn to 
W. S. Tyler, the leading producer of woven wire screens for industry. 


Usually, Tyler can give you the answer based on actual operating 
experience. But when new ideas and new problems are presented, our 
Customer Service Laboratory will dig in and come up with the 
solution. Samples of your raw material can be shipped to this Labo- 
ratory and tested on a variety of equipment, to pre-determine capacity 
and performance in plant operation. This enables us to positively 
recommend the proper screen for your requirements ... by selection 

from over 53,000 existing specifications, 
or by development of a new one, 


Specify Tyler woven wire screens for 
your processing and be sure 
it’s right for the job. 


T'YLER 


WOVEN WIRE SCREENS + SCREENING MACHINERY 


TESTING SIEVE EQUIPMENT 


The W. S. TYLER Company « Cleveland 14, Ohio 

OFFICES: New York + Chicago + Boston + Philadelphia « Atlanta + Dallas - Los Angeles 
San Francisco + Baltimore + Birmingham + Houston + Minneapolis + Pittsburgh + Salt Lake 
City «The W. S. Tyler Company of Canada, Ltd., St. Catharines, Ontario - OFFICE: Montreal 
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